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AIS TRACT

CP/M-96 is a microcomputer (INTEL _ee-) oppratinrg system

developed and marseted by Digital Researcn. The operatirr

system is designed so ttat a user can adapt the syste to

.is own input/output hardware rievic~s. This tnesis aevelops

interfaces to two floppy disic controllers, tne IS3C 2V1

(single densttv) and tne ISbC 2',2 (double densit-'

controllers. Tae interface includes the writing of a tcot

loader embedded in tne iSBC 9b? Execution Venicle "onitor,

tfte monitor system for the INTEL iSBC S/12 single board

coiputer. Also included is an interface module for tne cold

start loader (loader BIOS) and an input and output

interface, BIOS. A lesign for the interface 'od'ile of

typical systems based on Winchester tecanology hard dis.cs is

also presented.
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I. INTRODUJCTION

A. PURPOSE OF THIS THESIS

Tne aiaptation of CP/M-L6 to tne nartware Iescrioea

nerein was unertaKen to provi-e an operating system for

t-ZS(3 processor based sinle boarn computers at tne Naval

Postgraduate Schooi. mnis operatin4 system will suppert

Software development and system emulatiOn for thqe AEGIS

modeilng project. The software will be available for general

use at NPS. In adaition tne experience of modifying an

operating system proviled tih autnor with an opportunity to

learn about microcomnuter nardware ana m icrocomDut r

operatinz systems.

B. HISTORY OF 'ICROCO1PUTER OPERATING SYSTEMS

Tnis is a crief overview of tne nistory of microcomnuter

operating systems summarized from Ref. 1. It is necessarily

brief as tne auvent of microcomputer operating systems is

itself rather recent. Microcomputer5 came of age with tne

constriction of tne entire centrai processor on one enit,

the reDliaceent of core Temory witn inexpensive mass

producea semiconductor meo ry, tne availability of tne

floDpy disK and tne standardization of diskette format. At

first, tne prlmary applications of microcomputers were in

real-tlme control systems sucn as macnine controlled tools.

In sucn applications, process manaeement is tne main tnrus t
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anI system I/O is negiigi ble. Tnis requlrea a sinple,

ustomIzed operatiae syster. Tne f ' rs t ml^rcor-puter

operatine systems, more prooerly cailei executive system s,

were for real tire applications. As rnicrozorputer syste-5

cecame less expensive, it tecame oossl le to aevote a system

to a ile user as a program :evelopment too!. Tnis -se

presented tne need for nigner level language supnort, wnicn

meant that an operatino 5ystem nai to interface one or more

Drozraninv lanouaze(s) to t1rie narware. Several

-. crocomute-r r-anufacturers nave DrolU-le tne i r own

operatino systems. Tnese operatinz systems are sneci:ically

I esioned +or a computer system ani ar? zeneral±v not user

con fizura Die.

Uniiie tne large, powerful operating systems four A in

r'inframe and laree minicomputer tiresnarini systems,

T'icrocorputer operating systems are relatively austere an!

simple. One of the primary reasons for tnib aifference is

ttdt a nicrocomnuter is usually a single user system (witn

some exceptions). As a result, thne operatino system ioes not

need to provile features sucn as memory protection, procss

scaeaulino and ti~e snarine of the CPU(s). besiles tne

slipler interface required of a micrccornouter cperating

system, the operatine system and tne applications prozrams

Must function in a small amount of primary szoraee,

typically betoeen lK and btE(, as compared to several
megatytes in tne large iainframes. Even tnougn relatively

11
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s "'al and sirple, a microcomputer operating system must

still provide file manarement, process manazement and 1/0

rana gemen t.

Two rapresentative microcomputer operatine systems are

IJTEL's ISIS-It and D1ital Researcn's CP/M-80. To operate

under ISIS, tne user requires a minimum of 65-K otf pr rary

storage. Tne CP/m user requires a minimum or 1(K. Botn

Drovide tfte basiz functions required o an operatine system.

ISIS, however, will oniy run on an INTEL computer system

nonfieuration and is not user modiryaole. C?/M-EO is

designea to run on any 808 or Z-t3O based microcomputer

system after tne user nas modieil tne prorram module

containilnz tne naraware lepenaencies. Tnis .actor alore

mares CP/M ponular and cas resultet in tne production of

many CP/M compatible utility and applcation .roprams ty

otner companies. ISIS nas some features beyon. tnose f C./' ,

in tne area of levelopient software for INTEL narcware.

CP/M's dynamic deoumer (DDT), nowever, is more oowerfu., ar

easier to use tnan INTEL's ICE system. 2otn ISIS ant CP'Y

support essentially tne same file operations. Currently,

because of its flexibility, CP/m is tne most wliely used

microcomuter operatine system.

MIulti-user systems such as "P/ P ant mi crocomputer

networK systems such as CP/NET (tott proluced ny Digital

Rese'arcn), are now avaiiaoie.
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C. LJPTATION TO 7HE USER'S -'VIO!NT

Dizita1 R bearcf M ns 3tte'ntel t o mise treir C.;-,

operatine sy'stems as flexitle, in terms of narawar-- sul te,

15DOs S nos le . T te rretflod used is rraiar proprar-ine. The

user Interface, tae Consoie Comrnmn ?rocessor (C7P) n-as no

na3lware Jeoendencies o t rer tna n t n - CPU. Tn e 1 te

-nage-nent system, tne Basic !)!sK Uneratine S ys tem (31M3~

i s also independent or narfiare. 3otn tne CCP -and tre C

are interfa-en to0 tne Pasic In put /Out put Sys Lei (313E

tnroueftl1oqical 1/0 'IeVi~e5 and lOi-a.1 1i5K devi ,es. The

iIJS5, tnen, contains tne logical levice ti in"'Sical nIevi 'e

translation routines. Aliptation or tne operitiflt syster to

a unique environroent requires only tne m~c.icatior cf tr~e

aDpropriate EICIS routines. Preatly simpli:'yine tne

alteration process.

On-e one nas successrully ccmpletei one aaptatioi,

t'liow-on adaptations will be ilucn easier to acnieve as an

mrnlerstandine of tfl1e operatine system a nc i ts interface

Droceaures is :Levelopel alone witfl a better uncerstancaing of

microcom~puter arcaitecture In Penerai.

D. ORGANIZATION OF THIS THESIS

Tnis taesis Is organizea as a blueprint for aiteraticn

of tre CP/M--j5 operatinz bystaem to any s pe c iic fla raware

conffiguration. This metnoolooy will also serve, at least in

ceneral, ror tne alteration of' any operatine



system-to-nar ware interface. Chapter 1 Is a orief

introduction to microcomputer operatine systems in reneral

and the modif"ication or the CP/M-b6 iperating system in

oarticular. Chapter 2 reflects the investiLaton of tre

candidate operatine system in order to unerstan! now to

iipt it to the existine nardtware. Chapter 6 is a summary of

tne study otf the typical ftioppy disK or Wincnester

tecnnolory UisK and a loot at possinie hardware anaidates.

Cnpter 4 covers the adaptation of the I/0 interface module

(BIOS) and the bootstrap program for tnese versions of the

operating system. Cnapter 5 discusses some of tne

difficulties encountered and a plan for aaaDtinr CP/M-tb to

i narl disla. The appendices contain the programs levelope

as part of thesis and one of tne nrorrams wnicn was usem as

a model.
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11. SITRUCMUH OFC/-b

CP /'V-Q Is a ticrocorrputer oneratine ytr~rITJ

Z~RCRAIONS ~ processor tasea nIcroc)mputers. It is tae

1oetcal successor to Ci~ a inrilar operatine 5y~te~r

developed a n- mrarceted ty Digital Fesear-,n fo tne INTEL

d?: Dro'-essor. File -orr.-patitiilty nas oeen preservel it n

all previous versions of CP/%1. CPI/A provides a eea

environment f or proeramn construction, storazE, elitinp.,

execution an! daetugging. Trie file structure of* version 2 of

CF/'1-86 is used, aliowinjT as miay as sixteen d~rivies witn uz

to eient ieeatytes on eacn airive.

C P/INI-E5 o±ffers tui It-in utiiity Tcrnmancs , Sys te2'

transient com"1ayis and tne capaciiit, it' executinjg user

lef Inel tra nsient corrnmanis (pr ogzram s) Among tnie syst~rr

transient prograis are an Intel coi1natitite assemoler

andl a dyna'ni,- 7Ta~nine lan~uaee proeram~ ae~uzzer (rDT). The 9y

are aescribeal In letali in DIPItaI Researcn 's put~ications

[-Pae. 23 arli [Rer. 3iJ respectively.

A powerful feature of CP/M Is Its moaularity. Cne of tne

taree nodules cf tne operating system, tne -3asir- I/0 SysTemr

(BIDS), Aefines tne narlware environment for tne system. As

a result of tnis modularity, CP/'1-85 can be rodified to run

on any 80,/9t processor based, sin~le processor computer

15



system by merely c=anging tne F01S. A more detailed

e-escription of CP/M anI Its reatures is contained in DIgitai

Resear-:r 's pubiLta tions tRef. 4J, Rief. 51 and [Ref. ti,

3. ORGANIZATION OF CP/'--86

T Ine sour- -s of CF/t-fo information for this paper are

(Rer. _J, (Rer. 5] and [Ref. el . Tais cnapter freeiv

summarizes tme relevant material to tals t.esis.

Tne operating system is contained In file "CPM.SYS".

CPM.S!S" contains tnree prooram modules: tne Console

Comiiand Processor (CC?), tne Basic Disic Operating System

(BOOS), and the user-confi-urable 3asic Input/Output System

(BIOS). TnIs moaularity allows tne CCP and BDOS to te

indenen.ent of tne hardware In wlicn tne syster is

implemented.

The CCP is tne system's interface to tae user's ccnsole.

It translates tae user's commands into CP/M system calls in

order to carry out tne desired action. The BDOS module

provides all thne disk and file manaeement. Tne BIOS contains

all tte nardware depenaent features and interfaces. The

operatInz system executes in any portion of memory above tne

interrupt locations, wnile tne remalnd e- of tne ad.iress

space is partitioned Into as many as eient non-contiguous

regions, as lefined. in a table in tte BIOS.

CP/M-96 is too large a program to fit in tne first two

(system) trac.s of a 6istexte. As a result tae ooot loader

i6



lo1ds into 'e"nory a cold start loader, called "1OAr-;.CmD '' ,

from tne first two trac s. Te boot loader !mates t.e

appropriate initializations ana tnen transfers program

control to tne cold start loader. The colt start loader,

wnicn is essentially a subset of "CP'.SYS", finas "CPm.SYS '

on tde systeM lisic, loads it into memory, maies tne proper

Initializations, and finally transfers cntrol to Vie

operating system.

C. CCP .2UILT-IN & TRANSIENT COMMAANDS

The operation of CP/M-8b is similar to tnat of CP/M- 2.

Upon cold start tne operatine systen signs on and drive A is

logged-in, CP/M-96 then waits for ar input ccmrand line.

There are five built in commands:

DIR - displays tne 1irectory of tie idesinatei drive

ERA - erises tfne specifled directory entry on tne

designated drive

REN - renames tne designated file

TYPE - tyoes tne iesinated file to tne lozi ,al cnsole

device

USER - cnanges user directories in multi-lirectory

systems

Also tne command line iav tezin witn tne name of a

transient program wltn tne assumea file type of CMD. C'!D

stands for command file" and is used to differentiate

CPM--b transient command files from COM files uncer CP/M-O

17



dnicn serve tne same purpose. Transient prierams are .Loaaea

into -ip o ry I n tne Transien~t Pro~gram Area(s) (TPA), as

:erned in tne BIOS, In stac K orle-.

CP/M -Et supports programis written in tnree -iemrory

7'o0iels: tne Ld k9( o lel, Ce Small rmodel and tne Corrna-t

'"olel.

Tfle F090 mrodel supports propra.ms wnicn are 11 rec tly

translated, from CP/'4--w wnen code inO. data areas are

intermixed. Tne nolel c-onsist5 only of a -,Oie g'roup wnI. !

ir turn, is normal.±y a sinzie segment of 64 or less. Tne

operatine s~stem and tne -old start ioamier ire written In

Tte Small molel suoports programs wnere tnere is a

separate -oie and data eroup. Normally tne S'mall m-odql

programs are b5±!K or less.

Tte Comrpa-t model occurs dnen any of T.te e!xtra, Sta-K Or

auxiliary groups are present in tne program. Eacn groiuD Ta

-onsist of. one or i'-ore seL7ments.

T1ne tnree noaels liffer priiarily in tne Manner in wnizrn

tn'e spipmeflt roe9Isters are initiailzel upon tz-ansiert -,rO~r_=

loalinR. Tne operating syrs t eT ' s prozram ioaa2 r t I ) n

ietermines tne memrcry Todiel used_ Dy trie trarnsient nrc,-_ra-r !,y

e xira I n tne prop-riT eroup used. AllI ttree Mcdels are

11.scussea in -.ore letail in tne -1--- s-ection.



Tr.e 1i.iitial '?alus 01, tne ser~i~nr reF~tsters ae

and are alesc ri tez I a tne CIAD ri~e neair "E-nerate! Ly t r.e

prcg~i~ 'C"D.CtT- cr ~U~~EC .':e tnrec nc:=-s ar

in Fio~ure 1.

eV' ' ol.el Code arid Eata ';rcuD5 0.v- rlap

!Small ' oleli ! Inepenaent Coie S I..aza ";rouzs

! Compact voaei ! raree or M1cre In"epenlenit ('roupc

Fizure 1 Trar5ient ProzraTr v4e-ory vo,-eis.

Trie 5O~ Yodel is assu~ea wnen tne transient

)ropraT' ' ontains only a co'Ie zroup (:!ontininz oott' oce and

-,ata). In sucri cases, tne CS, DS ana ES rei~ister5 are a!!i

irU tializei to tfle fle~innitie ot' tne colle erouz, wnilc? tnl SS

an: SP registers renmair. set to a 9t-tyte staz-K area In ~r. e

CCF. Thie Instrur tion ?oinv~r (IP) is set to 100H, si.miiir tv

P?/M-LA4. Tae interiixec co ae an li a ita r e-; 1cn 5 are

Inalstinguisnaie. Tnis rolei allows simple transiaticn cf

i"Zt L(L! ani ZLV coie into tne rvit5 and en lro'nr~ent.

.allowing program ioad., trne ECi Yodtel appears as in.F.2

~,wnere low addresses are snown at tae t )p of ti~e iiar.

19



CC? 
I I

SS Sri:

CS , DS, ES: :
12S + : kE ! ta~e

+ taata
code

data

Fiaure 2 T!he £ "e~rory Molel.

o. T- e Srnai. odeic

prora uses totn a coae and1 caa g'roup. (in ASM£5, aId coate

is eeneratel tollowinz a CS'G .irective, n..11 e Ia 1s

defi'ned oiiowinz a DSEG izrective.) In tnis case ?S is set

to tne bevinninz of tn! cole rrouD, tne ES and ES rebees

are set to tne start of tane clat - Eroup, ana tne SS ana '?

re.isters remain in tf.e CC?'s area as snown P-ra.-ni-ail:

FIgure 3.
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' CCP?
I c

IP = INC2E
cod~e

DS, ES: -

DS + 010OH: !

data

Figure 3 The 5TJ1i Memory ',odel.

c. The Compact modei

The ComDact Molei is assurel wnen seraraTe code

an data eroups are present, alonio witn one or more of tne

remaining groups. In tnfs case, tne CS, DS ant ES regIsTers

are Initiaiizel to tne base address Of' tneir respective

areas. The SS an- 5F registers rerain in tne CC.- area. If

tne user inters to use tne stacK proup as a stac': area, thre

transient proeram must set the SS ani P rezisters uporn

entry. Tne initial confizuration o: tne seement rei.isters In

this moiel is snown in Figure 4.

22.



SS: -

CCP

Stacic

PS -- - - - -

CS: -
c I

! code '
I I

DS : - - - - - - -
base
Daze

DS + 01VH: I! :ta I
I I

ES: -
I !

, ata

Figure 4 Tne Compact Memory "oael.

The values of tne various sement rezi4ters ran

oe proera1lnaticaliy cnane durina execution Oy cnaneini tne

values in toe tase pare as descrited in the preliinary

documentation, tnus allowing access to tne enttIre menorv

space.

2;. Transient Program Setup And Termination

Similar to CP/M-80, the CCP parses up to two file

na'ies followine the command and places tne properly

t'or'atted File Control Blocts (FCB]'s) at locations o5CH

ani 06CHE in the base page relative to the DS reziset?.

Unler CP/-80, tne ierault iMA (direct memory access)

22



-1aress Is initialized to 00 O in tZe base page. 5 ue to tae

setmented emo ry ot tfte LV6 and tuf processors. tne Z!{'A

address is livlaei into two parts: tne DIA segment acaress

and the DMA offset. Also, under CP/M-6, thne iefault VA

base is set to the value of DS, and t.e lpfault rA offset

is initialized to OO,.0.. Tnus, C?/N-e ana CP/-15 operate

in te same way in tnat t fey botn assume tne aefau: t DMA

aldIress is tne second nalf of tne base paee.

The CCP transfers control to tne transient prceram

tnrou n an S 6 "Far Call." In all but one cdse of the

Coimpact Model, the transient prozram may cnoose to use tne

9b-byte CC? stacir, and optionally, return dIreztir to tne CCP

upon proPrarr termination by executine a Far Return.

Prozrammatic termination also occurs wnen BDOS function zero

is executed. The operator may terminate Drozram exe,ution by

tvping a single CONTROL-C auring line edited input. This has

tte samre effect as prozrammrati- execution of BDOS fl'n:tion

zero. Contrary to tne operation of CP/M- , no aistC reset

occurs and tt.e CCP and BDOS modules are not reloaied from

the disi upon prograi terminacion. In snort, for tne user

fmtiliar with CP/M-80, the CP/M--"b environment is very

si ilar, tut more powerful.

D. ]DOS SUMMARY

Entry into the bDOS is made tnrougn tne - software

interrupt • 221. The BDOS is, essentially, a set of 59
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:unctions of tnree basic type s; simple f±nct ions* ftile

ooerations and ezteni el operations. T.e inter!ace conven:icn

for BDOS calls reautres tnat function cole oe ;assea in

rerister CL witn parameters passed in reeister rL cr EX

dependine on whetner It is a zyte or wori vaiLue. Byte vaLups

are returnel in tne AL rei5ter ana wora values in reeisters

kX and B1. Table 1 oeiow, fror Reference 6, summarizes tnese

conventions. A full description ot eann EDCS tunction is

.Iven in [Ref.61.

- BDOS Entry Registers ! ! BDOS Return ie isters T

CX Function Code ! AL Byte Value
DL Byte Parameter ! AX Wori Value
DX iora Parameter ! BX Worn Value

! DS Data Seement : . kX Doutle 4ord Offset
ES Segment A~aress

Tatle 1 SDOS Parameter Conventions.

E. BIOS SUMMART

The BIOS is loaded into memory just anove tne CCP ana

BDOS modules as illustrated in Figure 5.

Since tne BIOS may te conri-urea by tne user, it ray

vary somewhat in length. Inuiviual routines witnin tn 2ICS

-av be at ift'erent Te~ory locations. In oraer to

standaraize tae interface to tne BIOS, ali accesses to tne

zl)S are lae tarougn tne jump vector at tne ce,-.nIn, 3t'

that module. The BIOS, l.e tne BDCS, also .as paraieter
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orc r

CS + ?t0ZH:! BIOS JumD hctcr

:-OS Entry ?a-Znts

V Firameter
Taoies

Un -itia m

6 rat~n R~

Fizure 5 Yemory Lo-aticn ot' t:- FICSO.

DassinR conventions. Parameters fosr routines I. sne 313CS are

na5sedi in tine CX rezister an ttie flK reeite- *ne:n reqi.irel.

47te values are returned in tne 31 register an-- wcra v~iiuas

in 2X.

Tnere are tnree major types of' routines 1.1 tne 2135:

a 11 di Si 1/0. All si-pie cna racter 1/3 o:)erations are

assur'ed to be in ASCII, oot.l upper aad lower 7ae wirn tr -

nign orier (parity) tit set to zero. CP/ A sees ai

peripneral levie a5 loeical' levice5. Translation. vrc -

logical device seiectlon to pnysical aevirce assi. nm-ent is



Coo nI Sne ir t neI tnu ,b ioiat! no trie C an

:rrTi naraware zepenaiencies. BI(us riutine entryf is evoiaini~e

in Dioi tal Res earc n 't puni ca tioa [ Ret*. 51 T nP 210S i i bo

contains tne Disir Paraieter T~atles wflC.. conltain tne

'tesecriotion or' tvie alic Irive and Droviae a 5-r-trpa'1 area

for certain BDIOS operations.
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III. INPUT/OUTPUT DE~VICES

In CF/1-Eib trie CCP and BDOS accormp~jJs.s al I/) via !foir

I og!ca I devices. n e BIOS a s s r.s whatever Dnzvscai

levices a re ina t -,a t parti'~ular sys terr to tflose iopl-al

i'rices. Tais 'apping in tqe BIOS ,reserves tnP ie~n'-nce

ot, the CCP and Bfl3S fromr tne nariware confieuriticn.

A.LOGIC&L I/0 DEVTICES

CF/M-bb adiresses four iozical I/0 devices: tne cosole,

li1t device, tne puncn device a2A tne rea..er. .11-2

console i s the principal Interartive neripfleral tnrouen

wnicn tae operating system co"imunicates with, tne operator.

Tne I Is t levime is tfle priccipal listinpg levice , usual ly a

nard copy printer. The puncn dlevice i s tne ri1p tare

pouncfniaz levice, usually a njgfl-seel oaper tapp our.cn or

teletype. Tne reader Is tne principal tare readir., ievice.

ne a t tie IOBYTE"' function is i~r~petecl , lyrari- lopiczl

to pnlysical device mappina- may oe accomnpilsnea as aescriteu

in Ref. 6.

1. PHYSICAL 1/0 DEVICES

The CONIN, CONOUT, LISTOUT, PUNCH ant R.EAl'R rcutinps i-

the B I OS defi ne tfle priysicil interfaces witt. per~pnerals.

Th:e systemn adapter may aefine. inl the BIOS, sucin aevices as

ecassette ta pe recorler5 e t c. so lone as it is Interfac~l
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iitn one a.: rae ioaoicai aevices. In tais aataDtation tne ist,

:ievice ara tae consoie aevice are Dot., rna!poej to tno seriai

eaee connector onere tne ORT console is -corinepte't. ?ie

reia-er is stutoeri wit, an end of flie input, t a aT 15,

ins tead ofa a routine to liter-tace a p.nybicai reE a= cvICE,

!ne .613S simply returns an inaicaticn trat tnc- reani nas Ptn:

7^',rlete. Ant tne punca levi,,e mao Ib t u 0te~ it. a

return statement.

C. IS& EviCES

1. "'ar Dis~cs, ijoppv Lis~s

Tnere are r a ny I mP Ie me a t tI as oa tne nar! aisz

tecnanolozies. Tne r e are f ixed anc Tova tie neal i airEs

re~iovabi I ds~c pa cks and! even 10o2c 1 rt4on r, ar L I loPpy

s 7s t eis. F'loppv lis.cettes ;;ome mainly in ttie 5 an -.a8 si e,

stntlp ail loubie lensity, siD- ie an! Ioun1e slaet, -n: r s2

inlicateat aL'ove in Comitiriation witni nara is .

4 ~. Organiziation of Data

Al t aou en eacn. d~i SIC v Tday .e :ifferent , a~a. is

stored1 in !onceptual~iy tie sa~r manner. Tne dis& suri'ace is

aiviaea into traces (or C,111nae rr- If a mi it I-, Ia t ter

sys tem. :Eacn t racic is divided into sec tors. lic C" cr is

allressanle cv tne controller, manmz It tne nasic :rlt -t'

5torapq. In mrult i-plit te r and./o r 7uiti-lea1. syhtes , to

acces s t te 21 sic t qe controller rru st seiect tt-C pr-per

neat/platter as well as tie tracK ann: sector requirsi.



Tfte amount or 4.ata tnit -an oe s~r, oni a evi- is

iepencaent on tne size oftnre --evice ana tne rcrcire

:'ormnat. Do'uole -ensltv, is tne na-re i-'Dlies, gives tw1t-, is

-'ucn storaze on a ~as~ette as sin:&le iensitvr. Tune cost,

nowever, is Pr'eater.

Al tnoupfl tie tas ic init ot, stora-e is trie se_2, ,r,

sectors arm- not t!2e sa'ie size In every syste-. 1 -2 ar eri.

tne larger trie sector, tne more ett'cien.t tne sora, e, ruT

tvte less efficienlt Ere a-sass. '!any systerrs allow 1"D :seI

t o select tne sector size f'rom~ a iini tea set of cn-,ices .

Sectors are normally i Multiple of 129 nytes.

3. Intertaces to tne Comp)uter

'Itle Key to tne storage off infforrraticn on tne

recordine Melia, at leabt trorr rne oneratinw systm~r

m-odifier's point of view, is tnea dsi. drive ccntrciler. T!-ec

controller I t 5e I is u1sually a cr~am

m'icroprocessor. T_-_ controlier nancies tne actu a r :e a r!Z

f rom an'i writine to t~e lisic in aditioi to o t ner :u: -tIo ns

suct as seeir, formnat etc. Te relative autonnrmy of' !e

,7ontr~oller frees tie operatine systpm frcm navine to nazdie

d~IsK /0 on~ d pri mitive level.- However , tne 3 0S , hai cf 1 s

!arlware speT if I !, mrust sil OTMUnicat- ~i tn tre

controller at a fairly low level.

Most microcomputer system. 1/0 is rione by D'IA. In

general tne nost operatIng system creates, so'newnere in

7!emo ry, an entity, orten called a command pDacKet or 1/0
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Darameter Ioc or some similarly iescript1ve namrz. T

pacKet is usually seven to ten oyts5 ot Information wni-

contain tn.e letalile command for the is'c drive controller.

These "packets" form the sole means of issuinP 1./0 cofrrranis

to tne controller.

Normally tne lisi drive controller/interrace snores

a bus wltn tne nost system. As a result tne controller's

?ommand/status rezisters nave devire aiarebses froT tre ut.

In "most systems, tney can be set Cv tne user prior to system

start-up.

The nost system sen.s tne address of' tne I/0 coinana

pa cet to tre cOmmand re&isters o-+ t.e controller. Upon

receipt of tnis afress tne controller initiates action to

gain control of tne Dus. When tae con'-oller nas control cf

tne bus it reals tte appropriate number of Dy es t'ro" t ie

allress it was Riven. Tne controller decodes this

information and tnen carries out tnie ,resrrlbe_ operaticr.

The controller rray slnal completion In various way;, tne

most common being entering a completion code in tne commrand

nacKet f'or tte liost to read, seniine an interrupt to t'e

nost processor, or storing tne status In an on-boari status

rezister for tne nost to read.

Many systems allow tne DMA to be "tnrottled", tnat

is, tie controller eives up control of" tne bus periodically

in order to increase overall system speel.
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ot"rer fteatures ccmmoniy inciu .-ed in isi dirve

controllers are: liiiel I/O, t.at is, t.e a 1 iy .o execu:e

mere trian one I/O cofrmane paccet -ditnout pronptin rom tne

nost processor. "ultiple sector I/0, that Is, tne iillity to

real or write more than one sector In response to a single

I/o co'rmand pacicet.

4. Examples of Particular Controllers

a. ISBC 201 (Sinele Density "DS)

The ISBC 241, as aescribed In Ref. 7, is tne

controller/interface for INTEL's INTEILEC "DS 8VV, an FV _Z

processor basel microcomputer development system.

(1) iSBC 20l Controller Oneration. Tn e

controller is composed of two circuit boards, a cnannel

-oard and an Interface board. They interfa-e witln tne nost

processor via tne system MULTIBUS, a system's tus _ set by

INTEL Corporation. The ch.annel toam anal Intertace toard

togetner nandle all communications tetween tne nos'. CPU and

tne disiette system. They contain an s-bit mniroprogram.ed

processor wnicn can access system memory for obtainin

cnannel commands via DMA. The controller also ronltors tne

disK subsystem status ana error conditions arn maces tnelr

status availaole to the nost CPU.

This 1isicette system records data c: the

Frequency Modulation (FM) metnom, giving a formatted E"

disKette capacity of approximateliy 256K bytes, diviied Into

77 tracEs of 25 sectors eaca.
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Functionally, tne host CPU rust create a

cormand oaclet in rremory for eaca operation. INTEL calis

this pactet an 1/0 Parameter BiocT (IOPB). An IOFB is ten

bytes in lengtn and specifies all tne aetails of tne

lisKette operation to be performed. The CPU, in tne rase of

CP/M-Sb, througn te BIOS Toaule, sends tne sadress of t-Ie

IOPB to the controller. Then tne ortroller eain5 -ontroi of

the bus, retrieves tne IOPB and executes tne corraen. Upcn

c0opletion the controller posts tne diskette sutsyst2m

status anl, if enabled by the IOPB, sends a cempietion

interrupt to the nost CPU. The information in the IOPP

consists of:

Byte 1 - tn cnannel word, this byte speclifies the

enabling of the locK override, random fornat

of the locir override, random forrat sequernce,

interrupt control, data word len.tn, successor

bit, branch on wait and wait bits.

Byte 2 - specifies tne drive selectea, data lengta (F

or ic oits/word) and tfe operation to be

performel.

Byte 3 - specifies tne nurher of sectors to te

transferred.

Byte 4 - sDecifies tne target tracK number (0-77).

Byte 5 - specifies the first sector to be accessed (1-

26).



Byte 5 - specifies the least significant byte of tne

Duffer airess.

Byte ? - specifies tne most significant oyte o" the

buffer airess.

yte E - indicates a bloCK number wnicn allowb a uniue

identification of an IOPB luring lin.ed IOPB

operations.

Byte 9 - contains tne least significant byte of tie

buffer address o" tne next linFed IOHY.

Byte 10 - contains tne most significant byte of tne

buffer aldress of tne next linied IOPB.

The iSC 201 can execute seven -om'aras:

1) recalibrate (seex trace 0)

2) seeic

3) format a trac

4:) write data (witnout allress 7rarics)

5) write data

5) read data

7) verify CRC

The controller has seven rezisters tnat are

accessible to the most CPU. Tne most CPU can read tnree of

tne registers: The Result Status register indicates tne

status of bott Irives (ready or not ready), tne status or

tne controller for tnat drive (present or not present', and

tne status of tne controller's interrupt flip-flop
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(interrunt pendinz or completed). The Result Type rerister

inaicates wnetner tne Result _7te reeister contairs 1.0

error codes or ready status. Tne Result -vte holds tne I/0

error codes or disxette arive status. Tne nost CPU can write

to four of the controller 's reeisters: 4ritine anytninh to

t-.e Reset Diskette System rezister resets tne entire

1 isIette subsystem. 4ritinp to tne Stop DisKette Operatior

register terminates I/0 after COmDletion of tne current

operation. The Menory Aidress Lower reqister receives tte

least sienificant byte of the address of the IOP. Tne

emory Adaress Upper rezister receives tne most sinifi-ant

tyte of the IOPB alaress and when written into signals tne

controller to retrieve the IOP3 and comrence tre specitied

operation.

(2) 310S Use of tae iSBC 2031. The CP/M-Ebd BIOS

uses only operations 1, b and ! (seei is implicit in read

and write operations). In aalition, CP/'-Fb 1oas nct use

lin~ed lOPE's and only does single sector disc accesses.

This very muca simplifies the I/0 routines in tne BDOS aer

the BIOS. Not usinr the lin~ea ICPB caoaility allows

reaucing the IOPBs to tne first seven tytes, of wnicn tytes

I and 3 remain constant. Byte One remains uncnangea tecause

the moie of disc access remains uncaanged. Byte Tnree. t:e

nuiter of sectors, remains set at one, and tne operatinp

systei is freel from computing tqe numoer of sectors per
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zes .. ese Sil i-"ItioI. /Io tre BIOS to navy a

sineie IOPB template in meiory.

A limitation of t.e I-SBC 201 is its 1b-.it

atiressing. This limitation means tnat tne controiier can

orly address 64. of system memory as ccrparef tc tnr- £j55 t

processor's mezacvte ot' allress space. As a resr±, tne

external adress of tne iSEC 3/1? r'ust resiae in tne first

5_, of tne ie-abyte (from ?L H to kVFFFF!Q. Tne 210S in

tnis adaptation converts t:e segment ani offset acqrgss

proviled by tne BDOS into a 16-bit pnysicai adlress for tne

Tcntroller.

( ) Bootstrap use of tne ISBC 201. Tne ncotstrap

prorram does use tze multi-sector access capatil1 y i, tne

controller for loading tne cold start loader. Tnls raquires

t'our IOPBs in tne tootstrap program tut reduces t.ae ruTter

of disir accesses from 53 to four. Consiaerin tie

specializea f'unction of tne tootstrap ioader an! its ±ac , of

interface witn tn.e BDOS, tais is a very efficient _=viatin

from tne otnerwise efficient CP/M retnoa ot' aisK acces5.

t. iSBC 20L (Double Density MDS)

The iSBC Z2 is tne controiler/inter:'ace :or

INTEL's INTELLEC MDS 88 microcomputer aevelopment system.

it is iescribel fully in Ref. E.

(1) ISBC 202 Controller Operation. Frcm t!:e

users point of vie tnlis controller is essentially tne sane

as tne ISBC 201. The main difference is te recoring
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o r'a t. "oi :ie 1-oIifiel Frequen'y "oaulation . tF A is

usedi, a!ic#2.no tne sam e -?edia to acli (formattec) -I5 ytes

of lata, iiviled into 77 tracics of t2 sectors each. Tnis is

twice the capDacity of tne sirle iensity system.

(2) .IUS Use o" tne iSEC " . Te inter:ace to

tne controller is tne same as taat of the 2Z1 T

difference in orzanization and capacity is oni.y eviaent in

t.e 1isic definition table "DOUBLE.LIB".

(3) Boosstran Use of tne iStC "f£2. Cp/M's aoutle

density forratter formats tne first two tracis of a aisicette

in sinple density, le. 26 sectors per tra-1r. Te -oil start

loaier fits in tne first two tracKs of' a aouble aensity ir

tne same way ab in sineIe density. ks a result, t e sa,-e

oootstrap program will load tne cola start ioac er froT ootnq

sinrle and double density disiettes.

c. REMEX RDf 3200

The RD 3200, is descriDed ov Ret. 9, Rt. 1

and Ref. 1i, is a iulti arive unit consisting of a fiTel

Wincnester Tecnnology 1A" dis-i. and two E" f lexi le dis1ette

Irives. The diskette drives are "jumper' selected as eitner

single or double density. In oota types tne sector size is

selectable. The formatted capacity ot tne fixed aisx witn

sector size set at 121 tytes is I megaoytes. Tnils data is

on 210 tracis of 104 sectors for eacn of two read/write

heads. The single density floppy drives, formatted for 1ZQ

bytes per sector, nola 26 sectors on eacn of 7 7 tracts for a
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total of 255 tytes of storage. Set for aouole iprsity, tic

smallest sector size avai.Laole is ?-bC bytes. At 2! sectors

Der tracKc, for 77 tracics , formatteo. storage is 512-1 tytzs .

If trnis drive were usel for CP/M-Ed in tne double lensi~y

!role, tnie If fe re nce between dIs~cet te se ct or size (2 6

bytes) and CP/M!-- b sector size (12L- vytes) would te nanled

~y tbocc1n.-/deDloC~cin- al-ori trrr ile tne one Drcvited

(1) Tie RDW Controller. Tne neart of toep

-oatroller is a T iroproeramrmel Motorola 6LZ -tit

.microprocessor. Tte controller Dftysically resi~ies i.nsice tne

RDd frame and is linicel to tne tost systrr' oy an intp'fa-,e

card. Tnis alteration utilized a "TJLYrIBUS interface, w-i-n

residel In tte nost'-s system M ULTIFUtS . T n inter'a -e

,jrovides reeisters for communication between tne nost anac

tne controller CPU's. Lata can be nafll as w-l orI5,

15-bit words or as 1---oit qaif-wons. Tne contrIcller can

a -oovlisn 1/0 by E: A, proerarrmea 1/0 or by interruot5. All

i s i wri tes a re by 'odifieed.1Modifted Frequoncy tModulition

( ' FM). Tte disir Irive system fian also be EmP trrotziei.
wnicfl permits otfter masters to iain access to tne system's

bUS in between accesses by tne disK unit.

Functionally, tne aost CPU mus t create a

command pacicet in memory for eacfl operation. A rommani

Dacicet is six to fourteen ytes in leng7tn an! specifics ail

trle details of' tne :disK operation to be performed, In tre
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DI" mote tne .ost CPU must test tne statUs register in tle

controller interface to issure that tne controil.r is reaiy.

Ynen tne controller is ready tie CPU, in tre case cf

CP/4-86, tfroupn tne BIOS roiule, sends tne address o f tre

command paciet to tae controller interface. T!:en r, ne

.ontroller eains -ontrol of. tne ous, retrieves tre .cOrmand

pactet an! executes tne command. Upon completion, tie

controller posts tne disic subsystem status in tre rm omraril

jaciet in system memory a na, i f enatlea by tne cnmmard

pac.et, sends a completion interrupt to tne nost CPU. Tne

command packet consists of' six to rurteen -7tes. Tnsl

controller supports five types of operations. Tne size cf

tne packet ana tae information it contains are deter-ninel by

tte operaticon to De perfornea. Tne five operations supporvea

are:

1) read data/write :ata

2) write I.D. and data for sinele record

(fixed dlisc only)

31 copy from one drive to anotner

•_) format designated. dis&

5) maintenance pacKage

Tne controller nas four registers tnat are

accessible to toe nOst CPU. The Dase address Cof tnese

resIsters is switcn selectaoie. Toe Dase address plus one is

tne status register, from wnlcn ne nost CPU ieterrines
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svstem status. The base address plus tnree receives tne

lcwer tyte of tne ai.ress of tne cormand paciret. The rase

aaaress nIus two receives tne miadle byte of tae co'nmand

packet address. The oase address receives the uDter !yt. of

tne packet address (Rri 3V supports ?24-bit aaaressin and

when written into signals the controller to start DMA.

(2) tIOS Use of tne RDW 32k£. The CP/"-Le kICS

would use only tne read/write operation. The fact that tne

nhrl disK n'.is more tnan one nead would require tnaL tne bIOS

disk definition table look like one continuous set of tracs

and that prior to iaitiatine DIA, tne BIOS translate a

logical track number to a pnysicai neaa ard track numrer.

Tne read and write packets nave tne same forma 4 -n-cn

re4uires only one packet template in tae 3510S. That pac-;et

takes the followine form; indicated as 1.-tit worls:

Word - I/0 modifiers (linked I/O,interruts,etc.',

operation and drive selected.

Word 1 - status word - written Dy controller.

Word 2 - trackc numoer.

Word 3 - aead and sector start number.

Word A - lower 16 bits of D"A address.

Word 5 - aign byte of iMA address.

Word 6 - transfer word count.

Altnougn tne RDW supports ?4-i t

addressin_, it requires i 24-itt pftysical -'ddress, not tnje



see'ient and offset type aadress proviaea ty tne BOtS.

Tteretore t.i? BIOS must translate tne aiaresses te 'ore

placing tnem in tne commena pac~et ana tefore sencinr tnem

to tne interface.

(3) bootstrap Use of tne RD4 3ze. Tne

nootstra program would use tte muiti-sectcr access

capanility of te controller for loadinz tne colt start

loader (tae command par'et specifies tne numter of words

to be transferred). If tle operatinR syster were to te

loaded from a diskette, tfe bootstrap operation would re

very mucn Ilice that described for tne ISEBC M1. For a

system load from tne nard dis tne nootstrap propra.n could

load the operating systeT witiout tne use of a sold start

loader. Tnis would only require two diSC accesses, ore to

determine the load location and the other to actLally load

Sys".
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IV. ALTER.ATION OF CPMe(5

A. CHANGES PECJIRED TO IMPLEME.VT CP/M-

As distributed, CP/.M-t6 is set up tor operation wt an

Intel SBC 95/12 microcomputer aia an Intel SEC 2 '4 15ette

controller with a Snuart SA-!O floopy iisK irive. Sin-e

CP/M-86 is iodular, only the BIOS neea be modifiet for non

standard" hardware. The distribution version in-u.es sonrce

code for its BIOS and a sceletal BIS to aid in tne

construction of a customizel version. Altnouk.t the

distribution version does not provide a tootstrap ROY, tne

source code for the proeram is provided. This source cole

provided an example for tne creation of a custonized

tootstrap Droeram. The bootstrap ROM is available fror

Digital Researcn.

The cnanges required to customize the BIOS -an be

divided into four types. The first consideration is the

computer selected for the implementation. It an Eb,_

based computer otaer than tne ISBC 86/iL were cnosen, tne

coiputer initialization, including the constant aefinitions

for USART ports and character I/0 routines such as console

status, console input and console output, nave to be cnangel

to match tte host hardware. Since the iSBC 6,'1 was used,

no changes were required in tnis portion of tne BiOs.

Second, if the disx drive controller or other DMA devi,2e is
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not an ISBC 204, tne controller port definitions ar tne

routines wnicn actually communicate witn tne controller must

be altered. The "execute- and "sencom" routines weore tne

bull of tne modification. Tnese routines cnecK system

status, translate system coTmands tc tne language of tne

controller, deliver the co'mrands to tne tardware aria nandle

any hardware errors. Tritrl, if any otner serial Cr parallel

I/O device Is to be used, the appropriate Initialization and

execution routines must be written. The fourth consiteration

is the disc definition table whicn is assembled wi t tne

BI3S via an "include" statement. Disc parameter tacles nust

be created to describe the disK system. Disf parameter

tables are discussed in tne next section. In tnis version

only tne second and fourth types of modifications were

necessary and those cnanges are reflectea in kppenix A

(sinRle density) and Appendix B (double density;. Appendix D

contains tne distrioution BIOS. After assembling tne BIOS,

the hexadecimal code, "BIOS.H.5", Is appended to "CEM.Hel-"

and a command file is generated by tne metnod described in

Ref. 6 usine the GENCMD utility. The file rreated is naed

"TPM1.STS" and Is tne operating system.

B. DISK PARAMETER TA.$LES

The dist parameter table serves to define the

organization of the storaze media for the BDOS file

management functions. Tne disk definition consists of tae



sequence of* staterrents in Figure 6 (as snown in Ref'. 6) . Tne

DISics statement defines trie nurnoer of drives In tne syvsteT,

witn a beine an Integer froii 1 to 16. A series o± DISK'iF

state'lents f ol low. Eacn staterrent e fIn Ps tne

-.naracteristics of' a logical 1dic. 0 tnrouen rn-1. fliS-Kr-F

statements are formed as aefine, in Ref.. 6. Tte Ocrrnat is

snown In Fleure 7.

DISKS n

DISKD)EF e,...
DISKDEF n-i.

EN D~i *

Fieure 5 BIOS DisK Definition File.

wnere

d'n i s trie lovical 1dik number, 0 to n-1
f~c is nre first pnysical be-:tor nurn0er (V or 1)

isc is tae last sector 'nurYter
s Iff i s ta e optional sk:ew factor
015 is tfle data allocation tl1ocK size
dics is tne disir size in tis units
dir Is tne number of~ lirectory en~rios

ics Is trie number of crie-ced directory eL trle5
ofs Is tne tracK offset to loeical tracic i
10l is an optional 1.4 compatibility flag

Fi eure 7 DISKDIEF Statement Format.

Tfte disK tables may be zenerited by tand or oy executine

tne GENDEF utility proeram. Tne tatle Droviiect witn tne



tistritution version, calle. "SINGLES.LIB ', was generate!

fro tne source file "SINGLES.DEF" cy tne GENDEF 1,tiIitF

running under CP/M-80. This table was correct for tne single

lensity implementation. It was necessary to create a new

table for tne :ouole density syster. Tnis flie is called

DJUBLE.DEF. TaDle zeneration is descricea fully in Section 6

of Ref. 6. Tne disk parameter taoies are listeq in tne BIOS

rignt after tne "Include" statement (see Appendices A and

B).

C. COLD START

1. Tte Cold Start Loader

Since CP/M--6 is too larpe to fit in tne tirst two

(system) traccs of a distette, it is loaded Into memory in

two st ps. First, a cola start Loader is loaded frcm tne

first two tracts into memory. Next tne loader loans tne

operating system, and transfers controi to it. The "oaaer

("LOADER.CMD") is a simplified version of C?/M-m6 uitn

enougn power to locate tne operatine system file CF"..SYS

on tne current disk., mare tne proper initializations, load

CP/M-6b into memory ant tnen transfer program control to it.

Tne loader is created from files LDCPM, IDBDOS ann tne

loader version of tne BIOS. The loader BIOS is Penerate!

from tne same source code as tne BIOS ty setting tne

software switcnf LCADE.RBI OS" equal to true prior So

assembly.
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The loader Drcgram is Toved to tne first two tracKs of a

ilisette vy tne LDCOFP utility if runnine on i wor'dAr

CPI,/-86 system. If deveioverent is done on a CP/I-tZ system

tftis can be accomplilsned witn tte DDT and SYSGEN utilities.

Ref. ( errs in its discription of tne latter procertur-. Tne

-orrect procedure is describea in tte next cnapter.

2. The Bootstrap ROM

In order to eat tne cold start loader Into memory,

tnere nust be a bootstrap loader of some rina. This toot

loader must initialize the prozrammacle cfips on tne single

board computer and tne aisc drive controller wnicn will

access tfe operating system lisK. It rten loads the tirst

two tracKs of tne aiswette in tne system dis drive into

memory and tt en transrers control to the program loaded,

LDER.CMD". The bootstrap prooram is normally resident ia

a read only memory (ROM) or electrically programmatle 73M

(EPROM) and is then referenced to as tne toot ROM.

Tte distribution version of CP/M-S also contains

tne listing for a tootstrap RC" (Rom.Ak6). The toot RZM

itself is available from Digital ?esearcr.. 'hen installed,

4t becomes part of the 6 address space. Unon system

reset, the processor begins execution at effective address

OFF 10H, wnica is tne top paragraph of tae 1SBC b/12 SPRDM

soace. The bootstrap prorram is hardware dependent wrirfn

necessitated tne creation Df a customizel initial loader for

this inplementation.
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Intel's SEC .47 Execution Venicle -,onitor (EV-)

occuzies the EPROM locations when installed in tne iS C

--;/12 and Is currentiv' in use at tne Naval Postzrad.:ate

Scnool. In oriE.r to retain tne use 0 tne ISBC 97 an to

s IplIfy iplerientatlon, tne cu.stomized tootstrap rwrran

.as teon embedded in a free area of tne TY'J'A' EP?.O s. Sin- e

tne monitor initializes the sinele toar corm'uter when it is

started, t:e CP/M-86 bootstrap tas is sirp i if I'ed. T.e

tootstrap program listinp is in Appendix C. It Is a mi'ifed

version of tne "debug" version of Digital Resear-n's .CI

prograr. Toe mod ife. I ootstrap program is lo cat ed. at

effective aidress OFFD RH. It may to executet frcr tne 37,

by executing tne command GFFD4:0 or its equivalent.
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V. CONCLUSIONS AND RCO'MENDATIONS

A~. ADAPTATION DIFFICULT7

Molitication ot, CP/'!-ED is a 5traizntforwarl 51ile

procedure If' one is f am lar wi tn CP/' on a system 's

software level an.i witn at least sorr'e re~resentative

nardware. If one does not nave sucn a tac~rgrouna Itne autnor

dij. not), tfte tast is not overwnelziain, Out cornsil1erably

more diffticult. Tne novice will protacly invest in time

arid etrort in investie-atine "dead ends " e'-aus=e o r !ct

understanding tne iogical desizn ot tne oneratine s-ystem. A

Dart icul arly vexinz p ro bIem e n o un t ered in tPO ti rs t

alaptation was tnaz In tne later stages of* ievelopmert,

every error in nfe corre' ted software seemed to destroy tnq

Informlation on tne lisicette, ,1a~ing decugeing di:filcult and

requiring frequent repeneration of software. During tnis

period of "Iestructive testing" approximatel'r 9013 of trie

timie and eff'ort were spent on sucn. overtead and only IV1 on

actual debueving. Tile real pronlem tnere was riot tzie timie

lost but tte Interruption in tme train of taourgnt.

Documentation inadequacies are anotner source of

protlelis. The alteration guide for CP/M-tb prcvitea !ny

Digital Researca (Ref. 6) assumiea a tr.nrougn Knowleaee if

CP/M1-80, dftica Was not posseSSe! Dy tne autnor. TnP CF/-V~

documentation also seeied. to assume a tnorouen Kowiecz~e C I



*I e ODeratin,? sys tem-s 1odules. In allition, tnere Were

several errors in tne alteration euide.

Tne procedure for moving tae ccic. start ioater to tra ,.As

zero and one u.nder CP/v-i- is incorr.ect art if. follcwec r ve

f irs t SOZE bytes of tne proerrr w ill be los t.A . r-,et

Droceiure is to load tne -'old start loader altn -T, -o,

:ne pro-eran so tftat it starts 3t oH exit DDT ani Aal

call vie SYSGrN utility. A correct sequenlce o~ commnraas

looKs liKe tnis:

DDT LOADER.CMD

-n4LOV, ac , cO

m10,400,9V4

(CONTROL-C>

<C R>

The documentation for tne :905t assemblers, A'bC

and "ASv-95.CMD" also co ntzain s errors. Accorair., t t t e

user's manual, [Ref. 21, tne "device switcn f'or t-e listire

device is P .Tne correct switcri is "Y"

Tnie tecninical manuals provider- witn tne lisK arives and

controllers usel ratfler amncltuous and non 5tanlarlized,



terns. Tnis often required exDerimentation to aeterilne wnat

was really reant.

Resolution or tre above difficulties, however. wa5 a

good learning experience for tne autnor.

b. RECOMMENDATIONS FOR FUTURE HARD DISK ADDITION

1. Discussion

Altnouwn there are several methols of accomrplisnine

a is I/O, DmA seems to be the simplest to implement and

debuz. A future tarl disc addition would areatly enhance

ZP/M-86's usefulness. In tis vein, a nard aisI/*loppy disK

combination would be ideal. The combination o t nari and

floppy lists would provide tne speed and storage capacity on

one nand (from tne nard ds-C) and tae ability for tne user

to Keep copies of his rile5 wnere ne i assurel of Their

securltv and integrity. However, inclusion of tne iSBC 2V1

or 202 is not recommenled. The limited addressinp -apa-ility

of these controllers would tinder overall system

effectiveness and force tne processor to operate in tne

botton 64K of tne address space. As a rule of tnuro, if mcre

tnan one device is to be ailed to tne basic sybten, only one

device snould be added at a time.

2. Template for AdaDtation

Given tnat a nard disK Is to be installed in place

of tfne disKette system, tne following procedure shculd De

followed:

4:4=



First, tne CP/M--ib BIOS saoulc De stutiei in

conjunction witn tne current nadraware to see now tne

interface is currently accomplisned. Tne system mocifier

must understana now tne operating syrstem interacts witn

nardware oefore creating nis own interface. Second, tne

target nariware nust ce s5uliec. Tne elect-onics are not

important, but wnat tne nardware dces iog.caliy an nCw it

comunicates witn tne controlle r Is paramount. In

particular, tne or,anizaticn of data on a disi drive mUst te

thorouphly understood. It tfhe organization ot" d- ta is

selectable, tne most efficient ard straighntforward

orranization ust be chosen. If it Is not selectacle and not

dlirectly compatible witn tne BDOS, a "tiociing/aeblocxin'"

or some other scneme must be consilered. Tniri, a disi

definition must be written to reflect tte i'zical

orranization of tne disic. If the loetial organization Co"

data does not natcn its pnysical organization, tne executine

routine in tfte BIOS would nave to maice tne translation. Fer

example, in a multi nead dis system, tne tracicc would nave

to be numbered in tne 1isi definition as tnough tney were on
tne save platter (logical org.), toe 3ro0s would select a

sector and a "logical" tract for I/O, but before sending tne

ctannel command tne BIOS would nave translate tnat logical

tracw number to a nead and tracK combination. Fortn, a

template for the cnannel command should be placed in tne

BIOS with appropriate variable napes to allcw the BrOS to
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provide as -uca information directly as possitliP. ?tftn,

write tne execute routine. Tnis routine, tne oui- of tne

Toding, must complete the channel command, prepare tne di sK

for acc:ess, send the 3ctivatine command, ctecx comrletion

status and aanile hardware errors. This step requtros a good

i nowledze of tfte tarret disK systerr and is very !ufn

dependent on tfte disK cnosen. Sixtn, once tne revise. BIOS

is written, it must be assembled (in tne loader version too,

if bootine from a floppy disK). The fIles "CPm .F " ,

"BIOS.H86" and "PAT2.ki86" are combined into "CPMT.1-6" T.is

resulting file is converted to executable form by executing

tne command "VENCMD CPMX 8e8 [A40] as detcribed in Reff. 6.

The resulting file is tnen renamed "CPM.STS".

The bootstrap proeram will te very simple. It can te

written to explicitly read t.qe first sector of tne disK, to

determine the loading target address, ana to read tne

following 76 (128 byte) sectors. Once tte BIOS has been

modified, tne bootstrap program will be almost a trivial

subset of tnat code.
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.PPENDIX A

title 'Custo.'ize1 Basic I/0 System'

;' This Customized HIOS adapts CP/M- _6 to
;t tne following nardware confieuration

Processor: iSBC Hib-
Controller: iSkC ?Z1
;emory moael: 0

Proerammer : M.B. Caa~alor
Revisions :

true equ -1
false equ not true
c r equ Odf ;carriage return
I"f equ 0an ;Iine feed
max retries equ i ;for ais& I/o, before perm error

;' Loader bios is true if assemoiing tne
; LOADER BIOS, otnerwise BIOS is for tne

CPM.STS file.

L&ADERBIOS EQU TRUE
bdos-int equ 224 ;reservei BDOS interrupt

IF not loader blos

---------- --------------------------------

blos code eou 250n
ccp-offset equ 000n
DOs ofst equ O36n ;BDOS entry point
---

ENDIF ;not loader bios

IF loaaer blos
------------ =-----------------------; 1 i.,

oios-coae equ 100n ;start oi LDBIOS
ccpoffset equ 005n ;base of CPMLOADER
btos ofst equ L14_6n ;stripped BDOS entry
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ENDIF ;loaier bios

csts equ Oin ;IL251 status port
clI ta eau dsn ;lata

;4 INTEL iSBC 201 Dis:r Contrciler Ports

rtype equ case41
rbyte equ oase+*5
reset equ base+7

Ustat equ base
ilow e4u oase+1
in in eau oase+2

cseg
org ccpoffset

ccp:
orz bios _code

; BIOS Jump Vector for Indivlauai Routines '

jnp INIT ;Enter from BOOT RO1 or LOALER
.j-P 4BOOT ;Arrive nere from .DCS call 0
jmp CQNST ;return console Keyooarl status
jyp CONIN ;return console !eyooarl char
jMp CONOUT ;write cnar to console levice
pnp LISTOUT ;write cnaracter to list device
Jip PUNCH ;write cnaracter to punch device
Jip READER ;return cnar from reader levice
jmp HOME ;move to trK 0 on cur sel arive
jnp SELDSK ;select disi for next rd/write
i Tp SETTRK ;set tract 'or next ri/write
jp SETSEC ;set sector for next ra/write
jnp S ETI"A ;set offset for user cuff (.DMA)
.}p READ ;real a 148 tyte sector
jip WRITE ;irite a 12L byte sector

limp LISTST ;return list status

b1*
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'p SECTRAN ;xiate iorical->pnysical se'tor
ji-, SETD"'2 ;set see oase ±'~r Cuff (DMA)
j-np GrTSEG7 ;return offset of mem Desc Taolo
jnp GETICBF ;return 1/0 m'ap Dyte (IC~y;TEJ
jrip SETIObF ;set 1/0 rap bvte (ICbYTE,

;~INIT Entry Point , Differs for LD±.LIOS and
B~ IOS, according to Lcaaer-Bios" value

INIT: ;print signon message and initialize iarcware
Mov atocs ;we entered. witn a JMPY so use
MOV ss'ax ;CS: as tae initial value off q55::
m ov 1s9ax D:
niov es,ax ;andi ES:
;use local stacic during initialization
may sp,Offfset stzDase
cil ;set forward direction

IF not loader-Dios

;Tnis is a BIOS for tne CPM.SYS file.
Setup all interrupt vectors in low
; emory to address trap

pusaI is ;save tne DS reg-,ister
mov 10BYTE,V ;clear 1GBYTE
may ax,'5
mov Istax
iiov es,ax ;set ES ani DS to zero
;setup interrupt 0 to ald-ress trap routine
mrov int offset ,ort set inc trap
iTov int(V segrent,CS
710v di,'4
Mov sio ;tnen propapate
7iov cx,510 ;trap vector to
rep movs ax ,air ;ail 25b i.terrunts
;BbOS offset to proper interrupt-
mov bdos-offset taos otst
POD (is ;restore tne DS register

(additional CP/M-e6 initialization)

- - - - - - - - - - - - - - - - - - - - - - -

ENDIF ;not loader cios

IF loader-Dios



' I I
;Tzls is a BIOS for tno LOAL..R
DUSft s ;save 1lata segment

lOV ax,o
mcv dasax ;point to segment zero
;BDOS interrupt o.'xset

iov ios_otvfetoaos o±st
mcv olos segment,CS ;oaos interrupt segmer.t
(allItional LOADER initiaiization.
pop ds ;restore aeta se~ient

' II

1,;N )I ; ioaler-oios

mov bx,ofrset sinon
call pgs ;print signon messa-e
mov cl,O ;iefauit to ar A: on coldstart
jmp ccp ;ju.mp to coil start entry ot* CC?

WBOOT: jlp ccp+6 ;direct entry to CCP at zonana level

IF not ioadertiob

inttrap:
cli ;tlock interrupts

m1ov ax,cs
Mov 1s,at ;zet our data se-gment
iov ot,offset inttrp
call pmsg
IIIt ;"ardstop

FNDIF ;not Icaderbolos

CP/M Cnaracter I/0 Interface Routines

console is USART (16251A) on iSkC 961:
at ports DE/DA

COIST: ;console status
in ai,csts
and al,Z
Jz coastret
or al,Z55 ;return non-zero if r~a

constret:
ret ;rcvr data available

55



;console Innut
call CONST
jz CONIN ;wait f'or RDA
In al,cdata
anci al,7fn ;reaa data S remrove parity nit
ret

;console output
ir al,csts
ana al ;get console statuis
jz CONOJ?
mov al,cl
out clata,al ;transmitter vi±±er is errpty
ret ;tqen return adata

LISTOUT: ;list device output

re t

LISTST: ;Poll. list status
;not, Iiplenentea

ret

PUNCH: ;write puncn levi,!e
;not implemented

"iov al,ian ;return eof for now
ret

'-CV AL,kW ;D0BYTE NOT IMIPLI1ENTED
ret

ret ;iooyte not inp.lementea,

Routine to eet 3fld ecno a console cnaracter
ani saitrt it to upper case

uconeclo:
call C0141N ;get a console criaracter
pusa ax
rray cl,.4l ;Save and
call CONOUT
pop ax ;ecao to conlsole

j b uret ;less tnian 'a' is oiK
o'ip al ,z
ji uret ;,reater tnan 'z' s oyc



SUb al, a'-'Ai ;else sai±,t to caDs
ure t:

ret

Mcv aiLjBXI ;n-et next cnar from messaoe
test al a I
jz return ;1.+ zero return
mov CL,AI.
Cali C'JNOUT ;Drin t i t
inc .bX
jlvps p-rso ;next Cnaracter an looD

;,V Disic Input/Output Routines

S.ELDSK: ;Select disk Riven by register CL
nd~ls~s equ 2 ;number of disgs (up to 15)

m ov ai s c, cl ;save disgr number
,rov bx001 ;ready f'or error return
cimp cl,ndists ;nl beyond Taxd d.155?
j nb return ;return if so
Mov cn,0 dIoubie(n)
mayV bz,cx ; Dz n
mov C1,4 ;ready for *1l6
snIl bx, C1i = n '1 b
miov cx,otfset 1pbase
ad bx, cx dapbase + nl 15

return: ret ;oX = .d1pn

ii"IE: ;move sei ected distc to name position (TraCK 0)
rr~ov o co m, no mc om
iay tr,
call execute
ret

SETTRK: ;set tract address ziven by CL
,may trk,CL
ret

SETSEC: ;set sector number given by ci
may sect,CL
ret

SICTRAN: ;translate sector CX usine tacie at [DX]
may cft,0
mvov bx,cx
add bx,dx ;add sector to tran table aidress
may bii, rbXI ;get logiCal sector
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ret

3 iTDMlA: ; set DA3 orrset ziver. ty CX.
~iov irna adr,CX
ret

SETD'Ab: ;set DMA segment eiven Dy CX
rnov dma sev,C

G:ETSEGT: ;return add~ress of. pnysi;ai me-iory tacie
mov tx, offset seo tac~le
ret

kiiAl 145 S[ /0 Drarneters are setu:
DISK is disK nui1cer (~r&
T RK Is tracic number (~TK

SECT is sector nucncer (SETSEC)
DM AADR is tne I) A Iso offset

;'READ reads tne sele'~ted se'7tor to tne DM1A;
;~address, and VdRITE writes taie data from

VA tte DMA address to tne seiected sector

mrov C1,4
mov al,aisi& ;combine di5,s selection
Sal al,ci ;wItn opco,".e
or ii,rld/01e
Mov zo0_com al ;create iopD
'Tips execute

I RITE:
mov -1l,4
m ov al,aisiK
Sal al , c
or al~wr-ode ;c reate iopt for write
lov iocorn,al

k;XECUTE:

outer-retry:
nov rtrycnt maxretries

retry:
in al,rtype ;clear contro.ller
In al,rnyte
call senicom
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t~e: in al~i5tat ;WaiL for -Ornpietion
and ai,4 ;reacv
Jz idle

cneCIE i.0. corpietior.01C
in ai,rtype
zo urlin~ce-. i/o complete el iinicec 1/o ccrnp
12 IiSK status cnanjeell 11 (not used)
'must te a zo in ai
test al,1~o ;reaay status cnange?
JNZ 4READY
OR AL,V
.jnz werror ;soil otner error, retry

cteciK I/o error b it s
in al.rtyte
rcl al 1
mov err node,80n,
j t wready ;unit not read~y
rcr al,].
Tov err cole,al
and ai,ifen ;any otner errors?
.jrz werror

real or write is oic, al !ontalns V
ret

'wready: ;not ready, treat as an error for now
in al,rbyte ;clear result ty'ze
jmps trycount

ierror: ;return aardware malfunction
try-count:

dec rtrycnt
jnz retry
mov ai,err code
lay anW
may or ,ax ;,nalre error code 16 bttS
nby bx~errtblLEX]
call pm-sg ;print appropriate message
in ai,cdata ;fluisa usart receiver tu±ffer
,all uconeeno ;read upp~er -ase console cn.ra-t!er
cmnp al , 'C',
je Wboot i ;Cancel
cmnp al , 'R '
je outer retry ;retry 1(e !rore ti'res
cmnp al,'!
je z ret ;irnore error
or al2!! ;set code t±or perm'anent error

z-ret: ret



dtoot 1: jm WaT -in't rna~e It w/ a snort leap

; senacom sends tt~e address of tfte loot to
tne tS.BC ?0

sendlcom:
MO)V CL, 4
M1OV AX , IM AS
SAL AX,CL
ALjD AX,DMAADR
M1OV IOADR,AX
MOV CL,4
MOV AX,CS
SAL AX,CL
ADD AX,UFFS.6T CHANCMD ;ADD SEG &OFFSET FOR 2VI
out ilov,al
Mov Cj,
sar ax,cl
out 1iign ,aJ
re t

Data Areas

dlata _o!'set eau offtset $

dsee
org iata-of±fset ;contiguous witft coc, segm~ent

IDBYTE db
disk d b ;alsz numboer
cflancrnd db ea ;iopO cniannel word
lo-com, db 0
nsec db 1 ;numlber sectors to zfer
trK db
sect d b 0;start sector
IO-ADR DV ~ 0EO ;?HTS ADDR FOR SBC201 USE
dma adr dw 0eson ;DMA adr (defauit;
dmasep dw 0 ;DMA& Base Segment

RDCUDE EQLT 4



FRiL "ODE D2 0
•"R flE ECU 5

IF loader Dlos
-- - -- - - -- -- - -- - - - - - - - - -

Sizhon itb -r,±i',cr~ z"
CL t "C /--6 Version 1. Z,cr,±±,

.9 r

ENDIF ; loaaer-lcos

IF not loader bioS

• I

signon db cr,Lf,cr,if
d . 'System Generated VA/2I_ /i"

ENDIF ;not loader blos

Inttrp db !r,lf
do 'Interrupt Trap Halt'
d b cr ,If,2)

errtbl Iw er0,erler2,er5
dw e r,erSer6,er7
dw erB,er9,erA,erB
1w erCerDerE,erF
dw er13 ,erU Oer4:0 , er8O

erO db cr,lf,'Null Error ??',0
er rb cr,l±,'Deieted Record :',
er2 db cr,lIf,'CRC Error :',0
er3 do cr,llf,'Data Overrun-Underrun :',V
erdA do cr,lf,'Seet Error :',0
er5 equ erO
erb equ erO
er? equ erO
erS dt cr,lf,'Adress Error :',o
er9 do cr lf,'Write Protect :',0
erk do cr,lf,'ID CRC Error :fe
erB do cr,lf,'Write Error :',o
erC do cr,lf,'Sector Not Found :',0
erD equ erO
PrE db cr,if,'No Address Mari :',0
erF do cr,lf,'Data Mart Error : ',
er10 equ er3
ere equ erg
erl equ erB
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ero I V cr.if, 'Drive Not Ready :',

rtrycnt db 0 ;Iisi error retry counter

System Memory Seement Table

segtable db 1 ;1 segments
dw tpaser ;1st sez starts after BIOS
dw tpalen ;and extends to Z800

include singles.lib ;reac in disi iefinitions

locstic rw 32 ;local stack for inltialization
stkbase equ offset $

liStoff equ offset
tpaseR equ (iastoff± g0n+15) / j1-
tpalen equ OFt0n - tpaseg

db 0 ;fill last address for GENCMD

Dummy Data Section

dsee 0 ;absolute low memory
org 0 ;(Inzerrupt vectors)

intO offset rw 1
Int'_sezment rw 1

pad to system call vector
rw 2(bdos-int-i)

blosoffset rw 1
bdos-seRment rw 1

END

rtrycnt db 0 ;disK error retry counter
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APPENDIX k

title 'Custcmizel Basic I/O System'

;' This Customized BIDS adapts CP/M-86 to
; tte followine hardware -onfieuration

Processor: 1SBC S612
Controller: iSBC Z02

mamory nol:&~ returnV; Programmer: M.B. Canlaior
; Revisions:

true equ -I

false equ not true
cr equ Oda ;carriage return
If eou Oat ;line feed

max-retries equ 10 ;for alsK i/o, tefore Derr error

; Loader blos is true if asseitline the
; LOADER BIOS, otterwise BIOS is for the
; CPM.SYS file.

LD&DERBIOS EQU TRUE
blos inO equ ;d2TR ;reservea BDOS interrupt

IF not ioaderbios

.!

Dios code equ 2bL'O
ccpoffset equ O OA
blos ofst equ WB ba ;BDOS entry point' I

ENDIF ;not loader-Dios

IF loader blos
--------------------------------------------------- ---------

.1

ioso de equ iZe ;start of LDBIOS
ccpo3ffset equ 043n ;base of CPMLOADER
blosofSt equ 04bn ;stripped BDOS entry
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ENDIF ;loader bios

Csts equ 01an ;Ii2bI status port
cdata equ od n ; a ta

INTEL J C ?02 DisK Controller Ports

base equ 079n
rtype equ tasei.
rbyte equ Dase+3
reset equ tase+7

.stat equ base
ilow eau base+1
inien equ tase+2

cseg
or" ccpof'set

ccp:
org blos code

;' BIOS Jump Vector for Individual Routines

jmp INIT ;Enter from BOOT ROM or LOADER
jmp "BOOT ;Arrive nere from BDOS call 0
jip CONST ;return console seyboard status
JTp CONIN ;return :onsole Keyboarl ctar
jmp CONOUT ;write cnar to cinsole aevice
jmp LISTOUT ;write cnaracter to list device
j 1p PUNCH ;write character to punch levi'e
jmp READER ;return cnar from reader device
jmp HOME ;,rove to tri 0 on cur sei drive

jmp SELDSK ;select list for next rl/write
jip SETTRP ;set trace 'or next rd/write

Jp SETSEC ;set sector for next rd/write
J7?p S TDMA ;set 'offset for user turf (DMA)
jmp READ ;read a i2b byte sector
Jmp WRITE ;write a 128 byte sector
jmp LISTST ;return list status
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j'ip SECTRA4 ;xiate lopical->pn75ical sector
J-i SETD"4AB ;set see base for ouff (DIAC
jMD GETS ET ;return offset of 'em Desc Tatie
jip GETIOBF ;return I/) map byte (IB.3TE)
irp STIIOBF ;set I/O iap byte (IOBYTE)

; INIT Entry Point, Differs for LDBIOS ani
; BIOS, accorlin to "Loaer-3ios" value

IJIT: ;print sianon message ana initialize naraware
mov axcs ;we enterea witn a JPEF so use
nov ssax ;CS: as tne initial value of SS:.
mcv ds,ax ;DS
Mov eslax ;and .S:
;use local staci during initialization
.rnov sp,offset suoDase
old ;set forward direction

IF not loader bios

; Tnils Is a BIOS for tne CP!.SIS file.
; Setup all interrupt vectors in low
; Temory to address trap

push Is ;save tne DS register
mov IOBYTE,0 ;clear IOSYTE
iov axt,
mOV as,ax
m ov es,ax ;set ES and DS to zero
;setup interrupt 0 to address trap routine
mov intOoffset,offset int-trap
mov intfseemert,CS
mov di, 4
mov sl, ;tnen propagate
Tov cx,51V ;trap vector to
rep movs ax,ax ;all 256 interrupts
;BDOS offset to proper interrupt
mov bdos _offset, bdosofst
pop as ;restore tne DS register

(additional CP/M-66 initialization)

ENDIF ;not loader-ios

IF loaaer-bios
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;Tni_ is a bMOS for tne LOAD-.h
pusa Is ;save data segrent
mov ax ,
1ov Is,a ;point to seement zero
;BDOS interru.t or'set
mov blos otset,tos ofst
-nov baossegment,CS ;udos interrupt seenent

; (a litionai LOADER initliization)
DOT (s ;restore lata sement* I

ENDIF ;loaaer-oios

1ov bx,offset signon
call pMse ;print siznon message
MOV cL, ;default to ar A: on coLastart
J1p ccp ;jumrp to coll start entry of CP

'4BOT: jTp ccp+5 ;direct entry to CCP at command level

IF not loader oics

' I

inttrap:
cIi ;010,K interrupts
'OV ax,cs
.ov ds,ax ;-et our data segrent
mov or,offset int-trp
call pnsg
tlt ;-,ardstop

ENDIF ;not loaderclos

;' CP/M Ch aracter I/C Interface Routines

console is USART (i-W2blA) on iS-;C --61?
at ports DL/Dk

CDAST: ;console status
In al,csts
and al,2
jz zonst ret
or al,2bb ;return non-zero if raa

const ret:
ret ;rcvr data available
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CDNIN: Console i'~put
cili CONST
j z C ONI1,N ;wiit tfor DP
In ai,cdata
an~d al,7±'n ;readi data &. reriovie parttv, !sit
-9 t

C'NNOUT: ;consoie output
in 3i,csts
Ini 1j1;zet Ionsol e status
jz CONOUT
mov al 'cl
Out clata,al ;transmitter buftVe, is erpty
ret ;tren return data

LISTOUT: ;list levice out-out
;not implementel

ret

LISTST: ,pci. list status
,flOt LTmplemented.

ret

PUN C, H ;write punca qevice
;not jirle~ented

R lkDER:
mrcv al,lan. ;return eof focr nlow
ret

GTTIOBF:

SFTIUBF
ret ,lot.,rte not impiementea

R~outine to -)et ia ecno a consoie cara-ter
and snift It to upper case

uconecto:
--all CONIN ;Vet a con~oie cnarar-ter
pusn, ax
mcv Cl ,a. ;save and
!all CONOIJT
pop ax ;ecno to console

,lb uret * ,4.ss Vnan 'a' IS OC
cylp al, z
Ja Liret ;greater tnan 'z is os



sub al, a 'A ;else snittt to -aps

ret

-val,LX ['x] ;'et next Cnar from 'resaze
test ali'al
)z return ;i!' zero return
inov CL,AL
ail CONOUT ;,,rint it

J-ips Dms ;next cnaracier a..: 1coD

DisrK Input/Output R:outines

S.ELfSK: ;select oaisic z1ven ty register CL-
nIislcs eau 2 ;numner of iis1~s (up to ib)

~o V a 1C. c I ;save dis~c number
~ov br400 ;reaay for error return
.flp C I, n .1i. 1C s ;n beyont miaX lijsK5?
jntC return ;return If so
mov ca.,o ;1oubie(n)
mov bx,, iix=
'lov C1,4 ,readv for '*16
S 1i tx , C1 ;n = n 16
-'ov -x,offset ipbase
ad C1C x,CX ;Iptase r- 15

return: ret br=Cp

H C E: ;'Tove sele!!te d'.5K to flore Dosition (Tracic 2'
mno lo 1 corm'nomcon

call execute
ret

SETTRK: ;set tra-K ailres eiven by CL
mov triKCL
ret

S TS EC: ; set se !t or nunioer riven by l
-n ov secz,CL
ret

SECTRAN: ;translate sector CX usine table at [DX]
rnov crio
.mov bx,cx
TEST DX,00 IS TkHEU A SK~'d?
:Z NO S KEY ;IF NOT, RET



adl tbx~dx ;ida sector to tran tabim airpss

ret

NO-SKEW D Bx,i

R ET

S.ETi01A: ;set UMA offset iven by C"X

ret

SELAB: ;se=t DMA se-ment g-iven by CX
rnov drra-see.CX
ret

GET S EGT: ;return address of jaoysical ,renory tanle
Mov bx~offset se-mttlie
ret

;19 Ail d1sK I/0 parameters are setup:
DISK is disic nw'ioer (SELDSK7)4
TRK is tracir numb~er (SETTRK)*
SECT is sector iumoer (SETS C)
10 ADR IS THE PRYS ADDR FOR D"A

PDMA A DR is tne DMA Ise Off'set
;~READ reads tne selected sector to trie JMA'x
;~add~ress, and4 RITE writes tne aaa from
;'tne D'1A alilress to tne selected sector

READ:
Mov cl,4
mnov al~disK ;Combine disic sele!tion
Sal al,ci ;-witn opcodce
or al,rdcole
mnov to-Tom,al ; -reate toub
jmips execute

Mov cl,4
mov al,disK
Sal al,cl
or al,wrcodle ;create 1opD f'or write
rnov to-comi,ai

MXEUTE:

outer-retry:
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-ov rtry -nt,,nax retries

retry:
in al,rtype ;clear controller
in al,rbyte
call sendcom

isle: in il,1stat ;wait for completion
and a,4 ;ready
jz lale

cnecx i.o. completion oc
in al,rtype
S ot unline1 i/o complete el liniea 1/o comip
10 lisk status cnanged 11 (not use4)
must be a OL in al
test ai,lb ;ready status cnange?
JNZ WREADT
OR AL,O
jnz werror ;some ottier error, retry

caeci i/o error bits
in al,rbyte
rcl el,1
mov err cole,9B0t
Jb wready ;unit not ready
rcr al, 1
ryov err coae,al
and al,feh ;any otter errors.
jnz werror

real or write is o1c, al contains V
ret

wreadv: ;not ready, treat as an error for now
in al,rtyte ;clear result oyte
jrps try' ount

werror: ;return naraware malfunction
trycount:

de: rtrycnt
jnz retry
mov alerr coe
nov aft,O
71ov bxax ;mage error code 15 tits
mov b%,errtbi[BXJ
call pmsr ;print appropriate messa-e
in al,cdata ;flusn usart receiver buffer
call uconecno ;read upper case console cnaracter
crop al. 'C "
je Wtoot-l ;cancel
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C-no aI,
J' outer retry ;retry 10~ rore tirps

je z ret ;Ignore error
or aT,255 ;set -o1le for )ermnert error

z ret: ret

Whoot 1: ;can't 'iace it wlr a snort 1ee-
J'-p IFOOT

;'sendco~i sends tne address of trie iopb to21
ttae ISBC 202

sendacom:
MOV CL,4
MOV AK,DMA_.SEG
SAL AK,CL
ADD AK,DMAAER
MOV IOAI)h,AX
M1OV CL, 4
MoV Al ICS
SAL AX,CL
ADD AT,,OFFSET CF.ANC%.D ;ADD SEI O FFSET FO?. Zk:
o ut I.low,aI
Mov C 1,
sar ax,-I
out i n1ion, a i
ret

Data Areas

data_ot'±set equ offset S

iSer
orv iata offset ;covit1puous witn Cole seernent

IOBYTE db
d is r I ;IAsK number
cflanc~nd db D Soi ;Iopt Cnanel word
1t COT d t
nsec (lb 1 ;numboer sectors to xrer
t r I d b
sect db 0;start: sec tor
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10 &DR r4d viz ;?HYS ADDR FOR S C:eV2 UJSE
tni air c.w 00 n 1" air (aefault)

!Ta_5&P lw;DI1A Base Seemt

7 DC51)E ECU1 4
ERR CODE DB ZOE

IF ioaaer-Dios

sienon cib 7r,if,cr,it*

ENDIF ;loader_ bios

IF not losaer-blos

sin-non d b cr,l±%cr,.i±
l1b 0 System Generatec 52/2
db cr~l,

ENDIF ;not loaier bios

int trD lb ri
'I nterrupt '"rap Halt'
cr,lf z

errtbi !w erVi~erl,er2,er35
a.w er4,er5,erb,er?
d.w er9,er9,erA,er3
I w erC,erD,erE,erF
a w e rl 0 , er2w , er40 , e rb

erO dD cr,lr, 'Null Error ?Y',V
erl db cr,if,'Deieted Recorl :',V
er! d. c r , if, ' C Er ror : ' ,
e r'. db t r,lf,'Data Overrun-Unierrun :',o
er4 I b cr,l:','Seeic Error :'
nsr equ erO

rb eau erO
er7 equ erV
ord3 i cr,l', 'Aadress Error :' ,o

e r .4 1 cr,1V*,'Wrize Protect :',V
e r d b cr,l±O,'IJ CRC Error :',Z

er3 db crtlf','Write Error :',0
erC ltb ,:r,lf,'Sector Not Foun.4. :',0



erD e'qu ero

erij equ er3
,? r2O etju P A9

m-r~ 4:0 qu qr
e r -i0 aD cr , f )ri ve io t Feady Z,

rtry_-nt dc e ilic Prror retry counter

y st em Yeno ry 3 ezer t Tacl e

seta nle do 1 ; 1 segm~ents
iw tpa _seet ;1st sez starts after B~
dw tpaliei ;anq extends to IH00

INCLUDE DOU3LE.LIB ;READ IN DISK D!,FINqITI NS

ioc stic rw 3 ;local stacki :or initialization
stwcoase eqju offfset S

l a 5t o~ f eP u offtset
tpa sep equ (iasto±±+ 4Vn+1!) / 1~i
tpalien equ VF0 - tpaseg

dn 3 0 ;fil last adalress for GFNCMD

rummy Data Section

-I see L ;isolute low rrerlory

ore 0;(interrupt vectors)

inVsewmenz rw1
pad to system call vector

olos of rset rw1
taos-serlent rw1

EN D

rtrycnt 1b V ;disic error retry counter
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AFFZ1 ,DI!T C

; 1011 tootstrap for CP/"---6 on an iC£b/i2
witz tne

i SC ?V1 4 ?2 Floppy Disi Controllers

;iital Fesearcn, Inc.
;Box 574, Pacific Grcve
Calt' ornia, 9395

;' Thts is tne hOOT ROX wnicn is resident
;-A in tne 957 monitor. To execute tne Doot =
; trie monitor must be brougnt on-line an ! ,
;t tnen Tcntrol passed by the :omnan.
;" ,fefd4: ". First, tne ROM moves
; a copy of its data area to RA" at ioca-
; tion 00VOE, tnen initiallzes tne sepment=;
; repisters and tne stacK pointer. Tne -

; various peripneral interface calps on tne-
; SbC "6/12 are initialized. Tne 51
;' serial interface is conZigured ±or a '96001
;b Daud asynchronous termina±, an. tne in-
;' terruot controller is setup 'or inter-
;'9 rupts IOH-17H (vectors at ?40H-0V 0F)
;;t and edge-triggered auto-EOI (en of in-
;t terrupt) mode witn all interrupt levels
;m 'asiced-orr. Next , tane 2nI-2n Disrette
; controlier is Initialized, and tracs 0
;' sector I is real to ietermine tae tareet
; paragraph, aldress for LOADER. FinaiiY,

; the LOADER on traci 0 sectors 2-z5 and t

;v tracc 1 sectors 1-25 is read into tne
; target address. Control tnen transfers
;= to LOADER. ROM

; contains tne even menory locations, and*
; ROM 1 contains tte oad aaotresses. BOOT
; RO4 uses RAM between vzreH and VTuFFE F
; (atsolute) for a scratcn area, alon; Inicn
;- tne sector 1 buffer.

cr equ 15
i equ

disk ports and commands
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rtype eqt1 case-'
rbyte ?qu Ds+
reset equ t a se+ 7

i St at equ base
110w equ base+1
inign equ base+2

;actual1-console Daua rate
o -1ulrd te equ 960V
:value f~or --253 taudt counter
b~ud equ ?62/(taud_ rate/100)

osts euu ZDAn ;it 2bi status port
clata equ 0DBn iata port

tcaO equ Ofl1n ; _2b3 PIC cnannei V port
tcnl equ tcnO+2 ;cn 1 port
tcfl2 equ trftO+4 ; . 2 port
tcid equ tcno~b ;9253 commrna port

ipl equ OCon ;8259a port 0
!CD2 equ OC2n ;E25Ya port 1

secsec eau 2C1 ;offset for tra,,'K 1

-R3OSEG OQJ FID4F

cs P_ romsee

;Ylrst, nove our dlata area into RAM at 00000

iiov ax ,cs
nay ds,ax ;point DS to CS for source
mrcv SI,droMbegin ;start of lata
rrov DI,offset rarr start ;offset otf destination.
'ov az,O
mov es'ax ;Iestination segment is 000
-nov ClIati-lenetn ;.qow rrucn to ,rove in bytes

rep novs ai,ai ;nove out of± eprom a tyte
;at a time

may ax,LA
no0v ds,ax ;iata segmert now In RAM
mov Ss,ax
may spstacicot'rset ;Initilinze staTi' ser~ent/

poi nter
C11 ;ciear tne airecticnfl ±ae
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;Setup tne :3259 ProoraTmmaoie Interrupt Controller

,nov al .13nl
out icpl'al ;L425- a IN~ 1 evb'6 mode
iov al ,10n
out iCP2.al ;b259a ICW ;d vector a-105
iov al , i~r
out icp2,al ; ,25bsa ICW 4 auto EOI master
7nov al ,VFF1
out icv2,al ;e2b~a OC'V 1 masiic all levels offt

;Reset and initialize tfle M/202 flisK-tte Interv-i-e

restart: ;also come oacic nere on f'atal errors
in il,rtype ;-lear status type rezister
in al,rbyte ;clear status register
out reset ali ;reset aiszette systemr

toner: nov B1,offset rnome
CALL execute ;nome !rive .0

.ioy tx,OFFS.ET sectorl ;offset for first sec~tor D'"A
n ov ax, bx ;enter in Dac ie t
rncv Dr,orffset read2+5;
.nov i br],al
I nc Cx

ov[ox].an ,pacKet flow complete
nov bxofftset rd2 ;pacicet io-atio..
call execute ;send pactcet

rrov es , ats ;sete"ent loc for LO AD E 1
,iov ax,es ,rnust translate to 16 t-it ats
'ncv cl,0 , ;afar for alicett- cortrolier
sal ax , 1-
'nov ti,oifset reeal+b
'nov [bx I a1 ;enter in paczet
i nr, Ox
-nov CtxI an
,nov tx~orffset readi
ea11 exec:ute ,read tracK 0

mov cl , 04
mov ax,es conueoff'set for tracst I
add ax ,sec-sec
sal ax, cl
mov bi,offset read2+5
mov lbxb .al
Inc bx
-no0v [bil an
nrov big ofVSet reaL
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ca~ll execute ,re af t rac C2

.7ov I e a P se;!rnert es

;5etup far jump vector

May lepoffset'O

enter LOACrP.
jrp iword. ptr 1leap otf.4set

test cl ci
jz return
call conout
Inc B':
J'rp Prnsm-

in aL,csts
test al .1
jz COn'out
,nov al,ci
out clat'i al

In 11,csts
test al 2
Jz conin
in 3l,cdata
and aL,7Fq
ret

execute:
ret ry: ;,-2* i -ive 7:o,. reaaly

in a.L,rtype ;clear controller
In al,royte
call sendlCor,

Ille: In al'Istat ;system' status
and al,4
jz iIle ;system awai ting interupt
In ai,rztvpe ,Cnec& drive tttu5
test al 2
jz Intcmp
j%'P PETRT .1/C NOT V-JMPLET.Z. TRY AGAIN
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j ae o cm n

j'rp tratai

ana al Lfen ;any errirs
jz retu~rn

iIST: RCR AL,].

T ESTr A L, Z 1
iz ±test

-joy a I c

ADr A I, ALT
'r 0v t x ,ax ;,raie 15 it
'-cv tx,errtbiLBTl
print apDropriate error rnessaze
call n-s,
-all -oi ;wait focr icey str,,fc
pop ax ;discarl 'li'se: re
jn p res ta rt ;tnen st-zrt ai! ov~e

re tu rn
RET ;return 1. or EXE-4 T

sroutine to 5enl a co-r-an,, strin.- tc

a aci
outi 7r, a I ;Dacicet a14r

ret

I,~ape of iata to be mnoved to Rai"

drom, berifl eau off set$



t ri no 1 v n ararreter oiolcK ic~w
4ri ;ieai function zoae :,r irive
1 ;~ sectors to reia

;tri3:! #
b ;start witn secto~r 1

c re ad t r' 0D ~

;#5ector,7 tom -ea
ID ;t ",aci
I b ;start *itfl 2

2;actar :)r Lracic fe Fre rere
db z

cream-tric. I b VA r

lb6e ;5ec-tors
'It 1 ;trdcK #
d b 1 ; stal-t witi sector 1
1.D L/ ,aaIr Ilbt

:1b0 ;da r .115C

lb bzf
DB O2 3 H
I b 0
i b V

Cerrtoi dw offtset erO

I i of fs e t erl
I w offset er2

a w offfset er6
IV ortset er4

(1w offset erb
dw offset erb
d w of tse t er7

Cero db cr,.Lf,'Nuii. Error 77',Z
Cerl (lb 'sr,ir,'CRC -;rrordq
Cer2 d b cr,if,'Seec Error',O
Cer3 d b c.r,if,'Acldress Errer',0
Cer4 d t cr,if .'Data Overrun-Uncterrun'.i
Cer5 dlb cr,if.'anite Protect',e
Cerb (lb cr,if,'Write Error',O
Cer? (lb cr,it,'Drive Not Readly'.2

AlromIend equ off'set
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reserve space in FP for !iata area
(no qex records ernerite~i nere')

dseg 0

rili _start qS
r I11 ! 7 ;read tra~-K 0 Se-tr I

reidi r V ;reac TV SLI-;b
re -a u r : 7 ;reaa Ti Sl-26
none r b 7 nfore drive V
errttol rw L

erZ t I e n gtn cerZ
elr lent t cerl
er? io engtn cer2-
er3 ro D engt c e r
=_r 4 r b lenRtfl c 9r -
er5 rb lengtn cern ;ii
erb rb .lengzn cerb ;15
er7 rb ienotn cer? ;17

leap-cffset rw1
leAp serment rw 1

rw 32;Io-'l Sta,:!
stacroffse t e qu offset $;stacic t'omn nere a~wn

TO S1 read in nere
sectori equ ol.se

Ty no
Len rw 1
ADS rw 1 ;A.S is ail we car- aoouT
mi rw 1

e nI



t itL e -c- Visic I/U Driv~ers'

tn ..d S C FkkLU lAoFUV 2-i 'C o , - -

;~(Note: tais f ile ccntairs cota m~
t~ taCs an I oi 3nK 5 to0 ~In 4iiZe t ne i IS t r*Iie

;"wicitz for printir,- purposes. V")u may win;
T~ c ex p a n: tn e b Ia r..<s Lef or e p e r crm in ;

Xg ;t - c;

Copyrignt (C)
Cioital eern Inz.

Box 579 Pacific Grove

(Permission is nerecy R-rantea to use
or anstract tne follcwing prograr in
:ne irnplerrentat io:: oil CPY 1P /'1 o r

*C?/NET f or tne 4 or ti1 .41cro-
process or'

;rue 2 -1
fa 1 s eequ not --ue

~Lo-ale r ti os is true If a ssemtnliaz tne
;m. LOADER. 310S, otaerwise BIOS is for tac
;?, cMSY~S file . Eic list ib true it' *e
;n avi a serlai printer attacae. to L!tc

EBdos tnt is interrupt usecL for earlier
;~versions.

ioaler-bios equ false
0 1C II lst equ tru~e
ncs-it equ U~t ;rIeserved BLOIS Interrupt

IF not ioadier Dios
---------------------------- -------------------



E~jrIF ;not loader cios

loajer nlos

nics coae nqu 12C~n ;start cf L'.3ICS
CD Offset eo VV~ ;oa~se otf.2D2

rdos ot'st equ 04e6r. ;strippeQ _1DUS enitr-r

E N 21F ;loaaer-bios

C sts5 eqia OD~f ;i±'251 status pcrt
C13ta equ ieDLn ; ata port

0 lc I IS t

Ists equ Ila ;2bb1 No. 0 on bLC;_-b3'4 status : crt

Dic-reset equ 60n ;reset selected USARTS on.

ENDIF ;~cic ist

;M Intel ISBC 204 DIsK Conitroller Ports

tase~o4 equ Oa~n ,3iBC214 assionred actress

f~c Com equ bae,+ ; :271 FDC out comm~and
fa c stat equ case?04!+ ;27 1 In status
±'lcparmr equ oaseZO4:+l ;E'271 out parameter
z'lc rsl t eau Dase24+l ;e271 in resvit
flc rst equ base2O4,2 ;8271 oiut reset
diac air equ Dase204+4 ;8257 D~MA Dase i'tdress out
d-ac cont equ base2~4~5 ;e~b7 out -.ortrol
imac_ scan equ oase204+6 ;857 out scan control
1,ic silr equ oaseZO4+7 ;8257 out scan alress
vnac iode equ base2V4+b ;8257 out mode
i"I stat equ oase2w4+8 ;8257 In status

:~ ~iequ Dase2041+9 ;FDC sele'-t Dort (not used)
* : sev'ent equ Dase204:+10~ ;serment address reelster
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reset 204 equ oase204-+15 ;reset entire intert'a2-e

rrax retries eau le ;mrax retries on llsK i/o
oefore perm error

cr equ 0a ;carriage return
LV equ Van ;lilne feel

cseg
ore ccpoffset

-CD:
org Dios-coe

; BIOS Jum.p 7ector for Inliviauaa Routines '

jmp INIT ;Enter from BOOT R.1 or LOADER
jmp WbUOT ;Arrive nere from bDCS Tali L
jmp CONST ;return console Keyooari status
jmp CONIN ;return console Keyooarl chlar

jip CONOUT ;write cnar to console aevice
imp LISTOUT ;write cnaracter to list levice
jmn PUNCH ;write cnaracter to puncr 'evice
jmp READER ;return cnar from reader device
jmp HOME ;move to trK 0 on cur sel arlve
jmp SELDSK ;select lis& for next rl/write
jmp SETTRK ;set tract for next ra/write
jmp SETSEC ;set sector for next rt/write
Jim SETDMA ;set offbet for ube out (Em)
jmp READ ;read a 12- cyte sector
Jmp WRITE ;write a 12b nyte sector
jmp LISTST ;return list status
jip SECTRAN ;xlate incical->pnvsical sector
jip SETIDMAB ;set seg Dase for ou'+ (DMA)
jMp GETSEGT ;return offet of 2em Des. Table
jmp GET10OF ;return I/O map tvte (IOtYTE)
jmp SETIOBY ;set I/0 map tyte (IO3YTE)

; INIT Entry Point, Differs for LLBIOS an ,
;q BIOS, accorline to "LoaderBios" value

INIT: ;print sirnon messaze and initiaiize nardiware
lov ax,cs ;we enterea witn a JMPF so use
mrov ss,ax ; CS: as tne Initil! vilue Of 6 6
mv ds,ax DS:,
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m'ov es,ax ana. ES:
;use iocai stacKc aurinR inittalization
rnov sD. offset sticDaSe

C id ; *t forward ai rectior.

IF not liadaer _ ios

;Tais is a BiOS for tne CPMI.SYS *!i.e.
Se tup ail interrupt vectors in iow
rerrory to id.1res:: trad.)

pusn as ;save tne DS reiister
~ov ax,V'

Miov is,ax
mov es~ax ;set ~Sana D)S to zero
;setup interrupt 0 to adiress trip routine
n o v into~ offset ,,f:,set int trar,
mov 1ntQO_segrnent,CS
mov di,
'nov S1,0 ;tnen propagate
,rov cx,510 ;traD vector tc
rep rrovs ax,ar ;ill ?bE interru;ts
;BDOS offset to priper interrupt
.mov mos -offset,t)d10s orst
pop dis ;restore tne DS e'tr

N~ a tio0n a I .LC _bE Crannel ! for a serial-c
9600 taua printer - tnis boar- uses

;r etics 255i. isarts wnicn nave on-cnib Dauoj*
;~rate _-enerators.

rmov ai OFFfl
out olc reset,al ;7eset all usarts on
T'cv al , n
out lidata+2,al ;,jet usart ' in asyr: n it, -one=
,nov al , Un
out laata+2,al ;set usart 0 tc 9tioo oacn
r.o V al .37ft
out iaata--3,al ;enatle Tx/Rx, an set n-) JT.

ENDIF ;not loader-bios

IF loaler bios
-- - - - - - - - - - -- - - - - - - - - - -



;ni:s is a 210S fcr tne LOA.L.;R
oUs n s ;save la~a s- Zrret

i'cv as'ay: ;-40inz to segrmer~t ze__o
;BUGS interru:)t o f se t

'rov tos_ segmen~t CS ; "cos interrupt 5e--rrt

ENrl F ;loacer-tios

i1ov bx,offset signon
call Drnse ;print sil'nofl message
Mov c1.V ;aefa121t sN a.r A: on colcstart
JID CCD ;jump to Cola start entry "'r Oc

dbJOT: Imnp cp+5 ;airect entry to CC? a, -7or-ma:,Iie.

IF not loader icos

±nt traD:
;tlocir interrupts

'nov ax,cs
m Cov CS ,ax ;get our tata se--renz
r.o0v bx,offset int tr
call p-nsg
SI t ;narastop

ENDIF. ;not ioadaer-nos

;' CP/M Caaracter 1/0 Interface Houtines
;~Console is Usart (i~i251a) on iSBC E5/1/
;~at -ports De/DA

CONST: ;console status
in al,csts
ana, a.l,2
jz onst_- ret
or al,2bb ;return nor.-zero if PDA

coast ret:
ret ;Receiver Data Availa~le

CONIN: ;con~sole input
cali const



jz CONIN ;wait for ;,DA
in ai,caata
ani al,7fn ;read data ant re_,ove parity tit
rot

C$OaUT: ;console output
In al,csts
and al,l ;Ret ,onsole status
jz CON TJ T ;aat for TBE
irov al,ci
cut clata,aL ;Transmitter Z,  " ty
ret ;tnen return data

LISTOUT: ;±ist levicp output

IF bic list

call LISTST
jz LISTOUT ;ait for printer not busy
mov al,cl
out i13ta,al ;send char to TI Ely

' I

ENDIF ;olc list

ret

LISTST: ;pcll list status

IF blc list

* I

4n 11,1sts
and al,bln ;Ioox at Dotn TxRDf and CTF
CTp ai'elft
jnz zero ret ;eitner ralse, printer is ousy
or al,255 ;botf true, LPT i5 ready

ENDIF ;olc list

re t

PUNCH: ;not implemented in tnis confiruration

mov allan
ret ;return 2OF for now

GITIOBF:
mov ai,O ;TrY: for consistency



ret ;IDEYTE not imrle.ente!

53TIV3F:
ret ;iobytp not Implenientei

zero ret:

ret ;return zero in AL ana fiais

; Routine to ,et -%at ecno a console character
ana salf-' 't to upper case

uzonecn~o:

call CONIN ;t'et a .onsole onaracter
pus. ax
"ov cl,al ;save and
call CONOUT
pop ax ;ecno to console
C'.D al ,'a"

jt uret ;less tnan 'a' is oz
cro al,'z'
ja uret ;zreater t..an 'z' is oic
sun al,'a'-'&" ;else snift to caps

uret:
ret

utility subroutine to print messap'es

Smov al,[IIX] ;oet next cnar from messave

test al,al
jz return ;if zero return
Tov CL,AL
call CONOUT ;print it
Inc BX

JTps prs ;next cnracter ant loop

risk Input/Output aoutines

SELDSI: ;select disk eiven by re-ister Cl
mov hix,00016n

:Mp C1, ;tnis BIOS only supports 2 disss
jnD return ;return w/ VC in SX If tat drive
TOV al, 9

clcl 0
Jne sell ;drlve 1 if not zero
nov al, 40at ;else drive is 0

L4 7



sell: mov bel "Tsl ;save drive select -ask
;now, we need ais: Darameter alr~ess

niov cri,L
.ov bx,qcx ;3X = wori(CL)
i1ov cl,4
snil r,cl ;multiply arive coie It
;,reate offset from Diss Faram'eter Base
add tx,offset Jp_base

return:
ret

FOME: ;iove selected alsw to nome position (TracT 2)
mov trt,O ;set iis i/o to trac. zero
mov bi,offset nom co
call execute
jz return ;nome drive and return if OK
mov Dz,offset bal nom ;else prLint
call pmsg ;-Home Error
jips aome ;and retry

SETTRK: ;set tract address Riven by C1
Sov trK,cl ;we only use 8 olts of tracw aacress

ret

SETSEC: ;set sector number given t7 cx
mov sect,cl ;we only use 8 blts of sector address
ret

SECTRAN: ;translate sector CX using" tatie at [:)!
mov bx,cx
add bxdx ;add sector to tran table aidress
mov bl, [oX] ;get logical sector
ret

SETDMA: ;set DMA offset Riven Dy CX
iov ama_adr,CX
ret

SETDMAB: ;set DMA seement riven oy CX
iov dna_see,CX
ret

GETSEGT: ;return address of pntysi.cal memory taole
mov bx,offset sep-tatle
ret

;4 All disk I/O parameters are setup: tne
; Read and #rite entry points transfer one
; sector of 129 bytes to/froi tne current



;~D' A address u~sing tne current 11sic drive

REA: "ov ai,12n. ;basic read sector command

ijips r w common

Jw R IT--':
rrov a.LdOaf ;basic write sqector fcor~rani

r v cnion:
'rov tx,or±'set io com~ ;point to cormandL string
mqov tyte ptr 1(.?Xj ,al ;put commana into sTrine
fall Into execute and return

execute: ;execute command strine.
; [BXJ points to lengtn,

f o lowed tby Cornnano. byte ,
f'ollowed by ienet~q-1 parameter bytes

'nov last com,BKr ;save coilmana address for retries
outer -retry:

;a.low some retrying
.'rov rtry cnt,.Tax retries

retry:
'rov kX,last _coil
calli send con' ;transrnit c-cmrman. to i8271
rteeic status poll

'nov I X,last _corn
'rev al,l~bxT ;-et commnanad op code,
'roy cx,V~LO1 Pwai If it will be int req
c-np ai,2cn
l1b exec-poll ;oic if it is an interrupt ty-p.
T.Oy ,,I81 ;else we use not fOmma.nd Cu5Y
and a.L,Otfn
clip al,Ocn ;unless tnere Isn't
may al,O
ja exec exit any result

;Poll for bits in Czr,
exec-poll: toeeled wltfl DitS in Cl

in ai,fd. stat ;read status
anl al,ca
xor al,c!l ;isolate wflat we want to poll
jz execpoll ;and loon until It Is done

,Operition complete,
In al,fdcrslt ;see If result c-ode Inaicates errer
and ai,len



jz exec _exit ;nc error, tneret
;5.-re type of* error o-':7urret

je :rnrdy ;was it a rot reacy irive ?

ar rd,Y: ; tnen we just retry real or write
tec rtrycnt
jnz retry up to 10 tir'es

retries l.o not recover !'or tne
!iari error

"'ov vl~
"ov tx,ax rnaice error COQE 16 tlts
miov tx,errtbl(BXJ
-ail p-rse ,prirt ippropriate ressae
in al,cdaza ;flusn usart receiver txu±fer
call uconecno ;reaa upper case console cnaracter
Tp al, 'C'
je wtoot I ;caacel

je outer retry ;retry 10! Tore tirnes
clip ai, 'r'
je z ret ;I~znore error
or al,255 ;set COl~e fcr perrranent error

emec-exi t :
ret

dr a rdy: ;nere to witt for c2rive realy
call test _ready
jnz retry ;if it's reacy now wr- are lacne
:!all test ready

*1 nz retry ;11 not ready twice in row,
mov DX oft'sqt nriyrsg
call prnse Drive Not Ready

nrly~1:
call test -ready
J z n rdy01 ;now loop until Irive ready
j'nps retry ;tnen go retry witnolit aecrement

zrLe t :
ani alo
ret ;return witn no error cone

wbOOt 1: ;can't -nice It w/ a snort leap
J7!p WBOOT

;~The IeZ71 reauires a read statuh commrrand '
;~to reset a dtrive-not-ready after tne I
;( 4rive becomes ready



test, _reaay:

mov d~n, 4 Ot ;proper mas5c ii dr 1
test se .mas5c,Ebon
j nz nrly2
mov It~, O.-If ,r-asic for Ir 0 Status bit

nrdy2:

mo bx,offset rds corn
-all send Crom

dr-poll:
in al,fdc_stat ;get status word
test apfl 'o
jnz drpoil ;wait for not Command cusy
in al,fdc rslt ;get speciai result
test al,1 ;loOK at bit for tnis Irive
ret ;return status of ready

; Send co sends a command anI Darameters
; to t1e ie271: SX addresses parameters.
; Tte DMA controller is also initialized
; if tnis is a read or write

sent coi:
in al,ftc_stat
test al,69fn ;insure command not busy
jnz sendcom ;loop until rear

;see Ir we nave to initialize for a DA. operatlor

ov ai,l(bxj ;~et commana Ovte
crp al, 12n
jne wri te mayne ;if not a read it coull .e write
mOV Cl,40n
jmps Init_1ma ;1s a read command, go set M.A

w ri temay e:
cmp ai,oaa
jne dma exit ;leave IDU alone if not reac or writp
ncv clgen ;we nave write, not read

init._yva:

;4e nave a real or write operation, setup DM& controller
(CL contains proper direction bit'
mov al,04n
out dmac mode,al ;enable 4ma:
m1V al,OW
out dmac ccnt,al ;send first yrte to control port
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rno v al Ci
out 17rac zont,ai ;1oad. airection rei'ister
7r Cv ax,±rna _a~r 1
out irPac a Ir ,a I ;senl low byte 0o' D A
,niov al ,an
out dr~ac aar,al ;send nigni byte
Mov ax,lnia see
out ±~c sezment,ai ;send low Cyte 0±' segment iares
n ov aI, a a
out fli s z me nt ,al1 ;tten ntien serrnert adilress

ama exit:
mov c I, LBXI ;get count
inc .6,T
m'ov ai4B3XJ ;et comnna
or al,seirasc ;merge comman. an(! arive cote
out td1c _corr,al ;sena commna r.yte

parm loop:
dec ci
jz exec -exi t ;no (more) taramreters, return
Inc EX ;point to (next) param eter

pari~_poll:
in al,fdc stat
test al,2en ;test Daraneter re.';75ter fuii t

-n _ampoll ;ille until 2armi reg rot fuill
Mov ai4EXKJ
Out ±dIC Darrn,al ;sendi next narameter
Jmnps parm loop ;?,o see iff tnere are miore para~reters

Data Areas

data-off'set equ off'set

cisee
ore lata off'set ;contipuous witn cot.e sep-mnz

IF loadaer olos

signon db cr,if,cr,if
dt %'C/M-L 6 Version 2.2', 7r,lf,L'

ENDIF ;loaderotios

it, not loader bios

Signon do b cr,lff,cr,lf



dO-Sys tern enera tec -11 Jar. SEl',cr,ir,*

Z'4D IF ;not loalder-Dios

tad nom dt crtilf,'Horre Error -~i,

errt ol d.w erk; erl er? ,er3
ciw er4,er5,err5,er7
dw e r9 er9 erA,er3
d~ werC , erD , erh,er F

erO db cr,lr, ' Null Error 77%0~
erl equ erO
er~e equ erZ 1
er3 equ erO
e r4 d b -r ,lf ,'Clockc Error :',V~
erb d b cr. If, 'Late D IA : .
erb db cr,if','ID CRC Error ,o
er7 Ib cr,lfWData CRC Error :',0
erb (1 cr,i±,'Drive Not ?ealv : '.V
ero 11 cr, if,"Write Protect o',
ern d o :r,lf,'TrK OZ Not Found ',
erB d t cr,lf,"grlte 'Fault :',V
erC db cr,if,'Sector Mot Fount :',0 I
erD eau erz
erE equ erO
,?rF eau erO

n r ym sr equ e rL

rtry_ cnt d, V djIsir error retry counter
list com dw 0 [ildress of' list 7o~mani strin&
dria adr dw 0 1ama off~set stored nere
daseg tw V ;Ima segirent store-i ner ?
sel -.as K d b 4:2ft ;select mrasK, Jxn or Eot

Various command strInszs for ii 271,

to C o o dO b5 3 lentt
-:1 wr dO b ;real/write function code
tri dO b ;track 4
sect db 0 ;sector

nmcmdb 2,29n,0 ;novie drive command
rls cam db l,2C. ;read status command

System1 Iemory Seemeat Table

segzable dt 2 ;2 segments
dw tpase, ;Lst see starts after BD
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iw tpalien ;and extends to vLVv
dw 2000t ;second is 20000 -

inc.luae 5ingiles.litD ;read ii a.isK clefinitions

ioc stic rw 32 ;Iocai sticic for Initialization
sticoase equ offset s

1 a sto0f equ of'fset $
,,Di seZ eQU (lIStOfV'-00 nr+15 / lb
tpa-ien equ O~eon - zpasep

dab 0 ;fill1 last ad.aress for ;ENCMD

Dumrmy Data Section

ds e CP 0 ;absolute low memory
ore 0 ;(interrupt vectors)

InOofst rlw 1
IntO segmenit rw 1

pad tu Syster call ve-tor
rw 2m( bcos int-l)

t~ios offfset rw I
blos-seemrent rw 1

EN D
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